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FOREWORD 


150 SHOP PRINTS and WIRING DIAGRAMS is a PRACTICAL reference book 
for electrical workers. This book is a selection of diagrams and data from the large 
600 page Coyne Electrical Trouble Shooting Manual. 


The shop prints and wiring diagrams selected for this book cover a wide variety 
of electrical apparatus, including MOTORS, CONTROLLERS, STARTERS, GENER- 
ATORS, TRANSFORMERS ete. 


Hundreds of short-cuts for fast trouble shooting are included. Much of this ma- 
terial was taken right out of the electrical course of the Coyne Electrical School. 


Most of the diagrams came to us as blue prints from engineering laboratories of 
America’s leading electrical manufacturers. They have been duplicated exactly as we 
received them to make certain they are authentic. You will note special markings on 
many of the diagrams indicating inter-company departmental notations — this in- 
dicates that many engineers have examined these diagrams for absolute accuracy. 


In many electrical plants as well as industrial concerns the only wiring diagrams 
on plant equipment the maintenance department ever had were the wiring diagrams 
that came when the equipment was installed. In many cases these loose sheets become 
lost or mislaid. This book has diagrams covering many types of equipment, much 
of which you may actually have in your plant. Therefore, this book can be of great 
value to you in the future. 


Electrical shop print and wiring diagram reading is much like any other type of 
reading — the more you do of it the more efficient you become. This book with its 
dozens of diagrams gives you an opportunity to increase your knowledge. In addition 
to the diagrams themselves we have special explanatory material to aid the electrical 
worker. 


The value of any reference book is determined by the use you make of it. There 
is much data in this book that can be used everyday on the job—-other material may 
be referred to only occasionally. But whether you use it everyday or just occasionally 
you have the assurance that this material is available WHEN YOU NEED IT. The 
book 150 SHOP PRINTS & WIRING DIAGRAMS can be one of your most valu- 


able réference books, so become thoroughly familiar with its entire contents. 


RAY A. SNYDER, General Manager 
EDUCATIONAL Book PUBLISHING DIVISION 
Coyne Electrical School 
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HOW TO LOCATE THE VARIOUS SHOP PRINTS 
AND MOTOR DIAGRAMS 


је: PURPOSE of this directory is to aid the user of this Shop 
Print Book in locating the prints he wants QUICKLY. The 
book is in sections, each section containing several valuable 
shop prints on a specific subject. Use this guide to find the 
prints you want—it will save time for you. 


Section 1. Direct Current Equipment 


Voltage Drop, Relays, Instructions for Tracing Diagrams, 
House Wiring, Electric Range, Meters, Standards of lllumi- 
nation, Generators, Motors, Brushes and Brush Settings, 
Maintenance and Trouble Shooting, Starters, Motors, Series, 
Compound, Shunt, Universal Series, Generators, Brush 
SeHing, Trouble Shooting, Voltage Control, Paralleling, 
Armatures and Stators, Growlers, Wattmeters, and Watt- 
hourmeters, Circuits, Starters, Controllers, Dynamic Braking, 
Amplidyne Generators, Arc Welding Systems. 


Section 2. Alternating Current Equipment 


Transformers, Tesla Coil, Transmission, Power and Distribu- 
tion System, Butt and Spot Welders, Neutralizers, Squirrel 
Cage Motors, Rotating Magnetic Field, Selsyns, Polyphase 
Motors, Speed Adjustment, Slip Ring Induction Motors, 
Synchronous Motors. 


NOTE:—-The Coyne Electrical and Radio Trouble Shooting Manual from 
which the material in this book was taken is especially prepared for men 
interested in learning how to read shop prints and motor diagrams. It is also 
a valuable book on the job, for Electricians and Radio men. The book has over 
600 pages with more than 500 wiring plans and diagrams. For information on 
this book write to Department TSP, Coyne Electrical School, 500 South 
Paulina Street, Chicago 12, illinois. 
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SYMBOLS FOR WIRING PLANS 


GENERAL OUTLETS 
CEILING WALL 


Outlet 
Сарред ОМ. ........-......-. © © 
Drop Cord ..... E т © 
Electrical Ovtle!—for use when con- 

те 
FO O © © 
КЫ pt p о © 
іотр Нойдег ..................... © © 
отр Holder with Pull Switch ...... ©„ Ons 
NSR © © 


Outlet for Vopor Discharge lamp... ® O 


© © 
0: © 


Exit Ligh! Outlet ... ........... 


Clock Outlet (Lighting Voltage) .. 


CONVENIENCE OUTLETS 
Duplex Convenience Outlet 


Ө 


Convenience Outlet other thon 
Duplex. 1— Single, 3— Triplex, .etc. = “3 


Weatherproof Convenience Outlet Owe 
Range Outlet .. Ө, 

Switch and Convenience Outlet .. 
Rodio ond Convenience Outlet. Sik] 


Special Purpose Outiet (describe in 
specifications) .............. 5 e 


Floor Outlet ...... . а .... © 


SWITCH OUTLETS 


Single Pole Switch ................ $ 
Самые Рао бите... $: 
Three Way Switch ............... $5 


Four Way eR t n eee фа 


Automatic Door Switch ........... $o 
Elecroker Switch ................ $t 
Key Operated Switch ............. $x 
Switch ond Pilot Lamp ............ %» 
CE esce $c 
Weatherproof Circuit Breoker ..... $8 
Momentary Contact Switch ....... фмс 
Remote Control Switch ........... $ nc 
Weatherproof Switch ........-.... фи 


SPECIAL OUTLETS 
Any standard symbol with the ad- 
dition of a subscript letter designates O a.b.c -etc. 
some special variation af standard 
BD 0.b.c - ete. 


equipment, 
list the key of symbols on eoch 

drawing and describe in specifica- $ o. b.c - etc. 

tions. 


PANELS, CIRCUITS & 
MISCELLANEOUS 
lighting Panel .................... t 
Pawer Panel ...................... 
Bronch 2-Wire Circuit — Ceiling or 
Май с — 
Branch 2-Wire Circuit —Floor . .... 222222 
Indicate a greater number of wires: 
Ц (3 wires), AK p> (4 wires), etc. 
Feeders. Use heavy lines and des- 
ignate by number fram Feeder 
Schedule ...................... 


Underfloor Duct & Junction Box — 
Triple System. For double or sin- 
gle systems eliminate one or two 


fines cok Hoke =ж= = 


Тейерһопе ...................... . 9 
Telephone Switchboard ........... ls 
Clock (low Volage) ............. . 9 
Electric Door Орелег ............ [9] 
Fire Alarm Bell /.................. FO 
Fire Alorm Siation ecce С) 
City Fire Alarm Station m 
Fire Alarm Central Station ........ (f^) 
Automatic Fire Alarm Device ...... rs) 
Watchmon's Station .............. 四 
Wotchmon's Centro! Station ....... wl 
Hom A e ENT (н) 
Nurse's Signal Plug .............. (N) 
Noid's Signal ид .-.............. м) 
Radio Outlet ........ ие .. لا‎ 
Signal Central Station ........... . БА 
Interconnection Box ........ an = 
Battery ........ а —V 





Auxiliary System 2-Wire Circuit ame ane mm 


For o greater number of wires des- 
ignote with numerals — 12-No. 18W- 
34"-C., or by listing in schedule. 


mm DETECTOR 
25 


CRYSTALS 


METERS 
DOUBLE POLE 
NO CONNECTION * BRE AK"CONTACT 


` SINGLE POLE 
"MAKE" CONTACT 


METHOD $ 2 
RELAYS 


E. | DIRECT - CURRENT MACHINES 
ASSEMBLY CoNNECTIONWIRING NO CONNECTION Q с 
GENERATOR MOTOR 


ALEERNATING 7 CURRENT MACHINES. 


GENERAL A DOUBLE CAPACITOR 
SINGLE- BUT TON BUTTON $ MOVING COIL CRYSTAL 
MICROPHONE: —»— 
ONE CELL 


bili 
MULT I= CELL 


BAT TERY 
GROUNDS 


Е зи EI? 


T JOR On IRON CORE (РӨ “Cone 
i CORE 
CURE INDUCTORS 


TRANSFORMERS 


SWITCH CONNECTIONS FOR LIGHTING 


S 


SP CLOSED SP OPEN 


>+ 


HALF WWE DOUSLE SINGLE 
HEADPHONES 


RECTIFIERS 


VARIABLE TAPPED VARIABLE FIXED TAPS OR 
VOLTAGE DIVER 


RESISTORS 


wi ELDED 
SHIELOED WIRE IRE SHI 





Symbols Used in Electrical Diagrams. 


UNITS 





Coulomb 


Ampere 
Milliampere. 
Microampere 


Ohm 


Megohm 
Microhm 


Mho 


Volt 


Millivolt 
Microvolt 
Kilovolt 


Watt 


Milliwatt 
Kilowatt 
Watthour 
Kilowatt hour 
Horsepower 
Farad 
Microfarad 


Micromicro- 
farad 


Henry 
Millihenry 


Microhenry 





ELECTRICAL UNITS AND SYMBOLS 


DESCRIPTION 
Unit of electrical quantity. The quantity which will deposit .0000116 oz. 
of copper from one plate tothe other in a copper sulphate solution. The 
quantity of electricity which must pass a given point in a circuit in one 
second to produce a current of one ampere. 
Unit of current. (Rate of flow) One coulomb per second. 
.001 amp. (The prefix '' milli'" means one-thousandth). 
.000001 amp (The prefix '' micro'' means one-millionth). 
Unit of resistance (R); measure of the opposition offered to the flow of 
current. The resistance offered by a column of mercury 106.3 centi- 
meters long and 1 square millimeter in cross sectional area, at a tem - 
perature of 32 degrees fahrenheit, or 0 degrees centigrade. 
1,000,000 One-million ohms. 
.000001 One-millionth ohm. 


Unit of conductance (g) - measure of the ease with which a conductor 
will permit current to flow. It is the reciprcoal of resistance. 


Unit of pressure difference. (EMF - Electromotive Force). The pres- 
sure required to force current at the rate of one ampere through a re- 
sistance of one ohm. 

.001 v One-thousandth volt. 

.000001 у One-millionth volt. 


1000v (The prefix '' kilo'! means one-thousand). 


Unit of power. One watt is equal to current at the rate of one ampere 
under the pressure of one volt. P-IxE. 


.001 w One -thousandth watt. 

1000 w Unit of power. 

Unit of work. (Power x Time) w x h= wh. 
1000 wh Unit of work. 


746 w The power required toraise 33,000 pounds, one foot in one min. 


Unit of capacitance. Capacity of capacitors (condensers). 


.000001 f One-millionth farad. 


.000001 mf One-millionth microfarad. 
Unit of inductance. 
. 001 h One-thousandth henry. 


.000001 henry One-millionth henry. 


Since each of these circles represents three formulas, we have a total of twelve formulas con- 
cerning Ohm's law and Watt's law. 


All twelve formulas may be conveniently arranged in the so-called "WIRE" wheel, which shows 
three methods of finding any one of the four values, watts, amperes, ohms or volts, if we know 
any two of the other values. This memory device is shown in Fig. 5. 





Fig. 5. Memory Circle for Formulas Using Ohm's Law and Watt's Law. 


———— — — 





WIRING - SYMBOLS AND DIAGRAM READING 


ELECTRIC RANGE CIRCUITS АЛО 


INSTALLATION 
52 
aw 


APPLIANCE 
RECEPTACLE 


№? 


д Temna | јо p s 
2 BLOCK Н Н L 


Orr HIGH мсошм Low 


CIRCUIT FOR OVEN UNIT 一 
ИВ Е HEATER ме 


PER OVEN UNIT 
230 Е HEATER LOWER OVEN unr 


CONNECTION BOX ON RANOR 
ALLOW SUFFICIENT SLACK 30 
RANGE CAN ВЕ мер б" 
FROM WALL. 


A 
CIRCUIT SWITCH +5 
” | | C ) 
и 6 RC mnt 32443 а 
“| "t 17 cenburr (ЕЈ) TO LIG | 


L] * T] 
gc Ба dui 
lt ns O | | PM 
ARMORED CALE — Н EXISTING LIGHTING —— 
3 саа 


CIRCUIT PANEL 


» D 
ұтыс CONDIT "мыо CONDUIT 


APPROVED Gennes CLAmp WITH METER 


WITH 5000 ME 





сл 





WIRING - LIGHT AND POWER 


METER CONNECTIONS 


2- УЖЕ SINGLE FUSED SWITCH, S-WIRE $OLID МЕТИЛ. SWITCM. 
TWO 2-WiRE SINGLE FUSED BRANCH CIRCUITS, ONE S-WIRE 2-FUSED BRANCH CIRCUIT, 


^ 


So =o am — — — — — 


LOAD “®” 


SERVICE WIRES 


3- WIRE SOUD NEUTRAL SWITCH. 
FOUR 2-WIRE SINGLE FUSED BRANCH CIRCUITS. 








WIRING - LIGHT AND POWER 


WIRING METER BASE FOR SOCKET TYPE METER 
$- WIRE 2-WIRE 


SERVICE SERVICE 


NEUTRAL 


SPRING CLIP FOR 
METER PRONG 


BINDING SCREW 


LOAD 


CONNECTIONS IN SERVICE BOX 


THROUGH WALL 
TO GROUND 
BUSHING- 


TOP 6' 
FROM GROUND 


METER BASE 


CONDUIT 
OR ENTRANCE 


SPECIAL, 
“LB FITTING 


#4 SOLID 
COPPER WIRE» 


NEUTRAL WIRE 


CONDUIT 
GROUND CLAMP ¬+ 


5, € GALVANIZED 
IRON PIPE), 


MN 





| 9 
еее Ст 
K TEE 


fd 





Circuit WirING Diagram OF Bungalow Wiring System. 


DIRECT CURRENT APPARATUS 


This section shows internal and external wiring 
for devices and equipment that operate with di- 
rect current The pages are grouped in the follow- 
ing order of subjects: 


Motors, also general 
principles 


Testing 
Generators or dynamos Starters and controllers 
Armature windings 


Except in the group devoted to starters and 
controllers most of the pages include explanations 
of the diagrams. The following additional notes 
apply to certain of the pages, as referred to by 
number. 


PAGE 12 


This sheet shows simple schematic diagrams for 
series, shunt and compound motors, and on the 
right-hand margin lists the connections from the 
power line to the motor terminals for counter- 
clockwise (CCW) rotation and for clockwise (CW) 
rotation, The following abbreviations are used: 


A1 and A2. Armature L1 and L2. D-c power line 
connections 


F1 and F2. Shunt field Comm. Commutating 
connections winding 
S1 and S2, Series field 
connections 
PAGE 18 


Here, on a single chart, is the whole story of 
motor operating characteristics and applications. 
Going from left to right on the chart you find the 
speed characteristics, kind of electric power, con- 
struction and windings, usual horsepowers, start- 
ing and stalling torque as compared with normal 
full load torque, variations of speeds with loads, 
the principal performance features of the motor, 
and finally the drives or applications for which 
each motor is especially well suited. Careful study 
of this table will add greatly to your knowedge 
of motors and their uses. 


PAGES 23 AND 24 


These diagrams of General Electric direct-current 


machines illustrate how winding connections and 
external terminal connections are shown. 


PAGE 37 


This sheet shows how records are made and kept 
for armature winding repair jobs. Entries are made 
under the heading "REWIND DATA" as the 
armature is being stripped. Positions to which coil 
leads connect on the commutator are shown on 
the large central diagram. On this diagram are 
entered the numbers of the core slots in which 
lie the coil sides. Below the coil diagram are shown 
two sets of commutator bars as they would appear 
if laid out flat. On one set the center of a bar is on 
the center line of a coil. On the other set the insul- 
ation between bars is on the coil center line. Coil 
leads are run down to bars on whichever commu- 
tator arrangement is used on the armature being 
wound or repaired. 


PAGE 40 


This sheet shows the construction, winding, and 
connections for a growler. À growler is a device 
which generates voltages and currents in the coil 
windings of an armature laid on the field poles of 
the growler. Readings of armature currents are 
made as shown on the following page. Correct in- 
terpretation of readings allows determining the 
kind of trouble and its approximate location. 


PAGE 46 


These symbols are used in diagrams for motor 
starters and controllers for both direct-current and 
alternating-current. The following notes apply to 


symbols as you read from left to right across the 
successive lines from top to bottom of the page. 


N.O. means "normally open." N.C. means "norm- 
ally closed." À blowout is a device, usually an 
electromagnet, which lessens sparking as current- 
carrying contacts separate. Main circuits are those 
carrying line power. Auxiliary circuits usually are 
control circuits. An interlock is a connection, either 
mechanical or electromagnetic, that causes certain 
contacts to operate when other contacts operate, 
or which cause any two actions to occur simul- 
taneusly. 








10 Direct Current Apparatus 


Note that on double-circuit push buttons there 
are four small circles indicating the four terminal 
connections for the two lines. In a maintained con- 
tact push button one terminal always remains con- 
nected to the switch contacts. A limit switch is a 
switch. operated automatically when some portion 
of a machine reaches the limit of its travel; as, for 
example, on a machine tool where the motor is to 
be stopped or reversed when the cutter reaches the 
end of its travel. 


A thermal overload relay opens its circuit when 
excessive current has continued for long enough 
to heat and expand a member that releases the 
contacts. 


An auto-transformer is a transformer in which 
part of the winding is in both the primary circuit 
and the secondary circuit. A potential transformer 
transfers voltage changes from one circuit to an- 
other without having conductive connections be- 
tween the circuits. A current transformer transfers 
current changes from one circuit to another. Poten- 
tial tansformers and current transformers often are 
called instrument transformers, since their usual 
purpose is to connect voltage-operated and current- 
operated instruments to circuits in which changes 
of voltage and current are to be measured or indi- 
cated. 


PAGE 55 


The lower right-hand diagram shows the motor 
armature and field windings connected directly to 
one side of the line. The other side of the line, L1, 
connects through a starter to the remaining term- 
inals of the motor. Either of the starters may be 
used. Both starters are of the "face plate" type on 
which the power arm or handle is moved slowly 
from left to right across contact points between 


which are resistors mounted on the back of the 
starter face plate. When the handle reaches the 
right-hand end of its travel it is held there by an 
electromagnet marked “No E (voltage) or no field 
release coil.” Should line voltage fail or should it 
drop below a safe operating value, this release coil 
is demagnetized to an extent that releases the arm. 
Then a spring moves the arm back to the left-hand 
off position, 

The upper right-hand diagram shows a starter 
equipped with the. no-voltage release coil, also with 
an overload release coil. The overload release coil 
is a magnetic switch that opens the line circuit 
should the current rise above a safe operating value. 








PAGE 56 


This is a setup diagram for testing the horse- 
power output of a motor with a prony brake and 
for testing the efficiency by measuring the amper- 
age and voltage from which are computed the elec- 
trical power input in watts (amperes x volts). The 
voltmeter and ammeter are mounted on a separate 
panel shown at the upper right. 


PAGE 59 


The stationary contacts of the drum controller 
are shown by circles. The contact shoes which are 
on the drum and which move with the drum are 
shown by rectangular outlines. All the shoes move 
together, either to the right or to the left on the 
diagram. 


PAGE 67 


When the motor is to be started with the solenoid 
starter the start switch button (upper right) is 
pressed to close the switch contacts. Current from 
the line (L1) flows through the solenoid magnet 
winding to terminal Ci, through the closed stop 
switch contacts, the closed start switch contacts, to 
terminal C3, and back through L2 to the other side 
of the line. The solenoid plunger rises, and with it 
the power arm. The power arm short circuits and 
cuts out more and more of the armature starting 
resistance as the motor starts and gains speed. 
Opening the stop switch by pressing its button 
opens the circuit through the solenoid winding, 
thus allowing the plunger and power arm to drop 
and open the motor circuit. 


PAGE 69 


In tracing the diagrams on this and following 
pages refer to the symbols shown and explained 
on page 48 _ 

In relays Type J-30 and Type J-31 closing the 
contacts of the control device (any suitable switch) 
lets control circuit current flow through the relay 
magnet winding represented by a circle on the 
right-hand heavy conductor. The magnet closes 
the contacts shown above the circle and allows 
current to flow to the load. 


On the right-hand side of the page the upper 
diagram is a connection diagram or wiring diagram 
for the starter, the start and stop push button 
switch, and the shunt wound motor. The lower 
diagram is a schematic in which it is easy to trace 
the current paths. On the lower line of the schem- 
atic diagram the contacts in series with the motor 
are marked M. These contacts are closed and 
opened by the double wound electromagnet coil. 














11 


Direct Current Apparatus 


One winding is energized by closing the start 
switch. Auxiliary contacts, shown inside the starter 
of the upper diagram, are holding contacts which 
close and maintain a circuit through the second 
coil until the stop button is pressed to open the 
entire control circuit. 


PAGE 70 


In this starter there is a relay, AR, on the mov- 
ing plunger of which is a dashpot that allows the 
plunger to move only slowly while the coil is 
energized. The slow movement of the plunger suc- 
cessively closes contacts that short circuit resistor 
sections R2, R3 and R4, thus reducing resistance 
in the armature circuit as the motor gradually gains 
speed. 


PAGE 71 


Of the two upper diagrams the one at the left 
shows terminal connections and the one at the right 
shows the schematic circuits. Pressing the FOR 
(forward) button sends current through the arma- 
ture and commutating (COM.) field in one direc- 
tion and caues the motor to rotate say clockwise. 
Pressing the REV (reverse) button reverses the 
direction of current in the armature and commu- 
tating field, which reverses the direction of motor 
rotation. On the schematic diagram the forward 
contacts are marked F and the reversing contacts 
are marked R. There are two relay magnets, one 
forward and the other reverse, each operating its 
own set of contacts. 


The two lower diagrams are schematic diagrams 
for starters providing both time limit and reversing 
features. A dashpot on the magnetic relays limits 
the rate at which they close their contacts, thus 
cutting out armature resistance in one step after 
another at definite time intervals. The reversing 
feature operates similarly to that shown in the 
upper diagrams. 


PAGE 73 


This is a speed regulator that reduces the speed 
of the motor below normal by inserting more and 
more resistance in series with the armature, and 
that increases the speed above normal by inserting 
resistance in series with the shunt field winding of 
the motor. Armature resistance is shown by heavy 
lines on the controller, while field resistance is 
shown by light lines. 





MOTORS - DIRECT-CURRENT 


ере 





ENGINEERING INFORMATION 
CONNECTION DIAGRAMS FOR DIRECT CURRENT MOTORS 
SINGLE VOLTAGE, REVERSIBLE, WITHOUT OVERLOAD PROTECTION 





TYPE DM 
1/3 HP & SMALLER 1/2 & 3/4 "P, 
60-70-80 FRAME, 70-80 FRAME, 
No INTERPOLE No INTERPOLE 
SERIES SERIES 
FIG. I File。2 
SHUNT SHUNT 
| h А Az 
FiG. 4 Руб. 5 
SHUNT 
SERIE. 
h А А 
FIG. 7 FIG, 8 


TO REVERSE ROTATION INTERCHANGE LEADS 
AT BRUSH HOLDERS STANDARD ROTATION 38 
С.С. о FACING END OPPOSITE SHAFT 


TAG 882-A 18 FURNISHED WITH THESE 
MOTORS, 





ТУРЕ ОМ 


Any HP, 
90 & LARGER FRAMES 
WitH. iIXTERPOLES 


е — CONNECTIONS 


ссе cw 

(Facina Ep Opposite 

COMM. SERIES SHAFT) 
LTOA LTO Az 
Ал 70 % А ТО 5 
L2 TO $2 La ТО За 

А, Ad 15, 52 
FIG. 3 
SHUNT 
COMM. 


ОТО; № LTO Fj; Aa 
laTOoRjh La TOA A 


Е, A A Fa 
FIG. 6 


SHUNT 


“ TOR; ^ L70 А; Aa 
Az. YO Se А 705, 
ќа ТО № TORK 


COMM. SER 


За 
Al in А115 IR 


Fi6. 9 


© — CONTROL МОТ COVERED = CONSULT 
CONTROL MANUFACTURERS 
DIAGRAMS。 


TAG 882-A AND CONNECTION DIAGRAM 
18 FURMIOHED WITH THESE MOTORO, 


D.C. Motors 


13 


Brushes 
and 


Brush 


zGmmufefor Commutafing pole 
Бағ A 
Star tor Хит 
- ЛЕР 


Figs. ! and 2—Fitting brushes to commuta- 
tor with sand paper. Fig. 3—Brushes in 
each group should be in line. Fig. 4—Field 
circuit open to test brush location on 
commutator 


ИДУ E UE E 
алысын 


— bs ата ы, y 
کوک ا و کے‎ 


d Vr LEUR 
ОЛЛАНД 
Connect to 


LU) TE LEOTE 
ТИВНИ 


(GITE A 3 
LI 


[PLUS HL 


Figs. 5 and 6—Loceting neutral on commutator with millivoltmeter. Fig. 7—Armature-coil lead locates neutral. Fig. 8— 
Fibre brash used with millivoltmeter. 


Fig. 9—Shunt across commutating-pole coil leads to adjust field-pole strength. 





14 D.C. Motors 
MAINTENANCE & TROUBLE SHOOTING 


A MACHINE MAY FAIL TO START OR IMPROPERLY OPERATE DUE TO- 
l. Opens, loose connections or high resistance contacts in the motor, line or 


Starter. Use a test lamp or a voltmeter and make a continuity test as shown by 
Sketch. 


OVERLOAD RELEASE Con. 


SERIES 
FIELD 


/ 


2. Worn bearings, on small machines and bearings can be tested by moving the 
shaft. If bearings are worn there will be a noticeable clearance between the 
bearing and shaft. For a more accurate test measure the air gap with an air gap 
or thickness gauge. For best condition the surface of all field poles should be 
the same distance from the armature core. Use the same position on the armature 
for all tests. 


BEARINGS NOT WORN WORN BEARINGS 
UPPER LEFT MERSUREMENT à UPPER LEFT MEASUREMENT 
UPPER RIGHT 94 UPPER RIGHT 44 
LOWER 2 4 LOWER ғғ 2; 
LOWER LEFT 424 LOWER LEFT е2 


3. Incorrect field pole polarity. Field pole polarity will not reverse itself. 
This trouble occurs when field connections are being made between coils. Ad- 
jacent poles should produce opposite polarity otherwise maximum field strength 
will not be produced. A weakened field will cause a motor to run at a speed 
higher than normal and decrease the amount of torque it will produce. 


CORRECT POLARITY INCORRECT POLARITY 


A magentic compass or large 

nails can be used to deter- 

mine if adjacent poles are 
AACTION opposite polarity. 


N 
REPULSION 


4. High or low line voltage. The armature of a shunt or compound motor will 
overheat if the line voltage is lower than normal if the motor is carrying its 
full load. High line voltage will cause the shunt field to over heat. Series 
motors will not be affected except the speed will vary with the voltage applied 
to the motor. 


5. Operating temperatures. The temperature rating on the name plate is the 
amount of heat the machine will produce when operating with full load. The 
maximum operating temperature for any machine is the name plate temperature plus 
normal room temperature. Example - Name plate temperature 40 degrees centigrade 
- Normal room temperature is always considered to be 40 degrees centigrade. 

This machine will operate at a temperature of 40° plus 40° or 80° centigrade 
which is equal to 176 degrees fahrenheit. The following formulas are used to 
change fahrenheit to centigrade or vise versa. F equals (C times 1.8) plus 32 

C equals (F minus 32) divided by 1.8. 
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MAINTENANCE & TROUBLE SHOOTING (continued) 


6. Brushes not properly fitted to the commutator. Use sandpaper, brush jig or 
brush seater stone to fit or seat brushes. 


BRUSH BRUSH HOLDER BRUSH 216 BRUSH 
SEATER STONE 


SANDPAPER 


7. Brushes off neutral position. This condition will cause brush sparking and 
cause a motor to operate at a speed higher than name plate speed. The correct 
position can be located by using one of the following methods. 1. If the ma- 
chine is operating with load shift the brushes to a position of sparkless commu- 
tation. 2. Connect a voltmeter across the brushes of a motor and the shunt 
field circuit. The brush position giving the lowest voltmeter reading will be 
the correct position. The motor must not rotate while the test is being made. 
For a generator the brush position giving the highest voltage will be the correct 
position. The generator should be operating without load when the test is made. 


TESTING A GERERATOR TO LOCATE T 
TESTING A -MOTOR (TO LOCATE 1) CORRECT BRUSH POSITION POOR BRUSH TENSION 


OT Q 


8. Poor or unequal brush tension. Apply equal tension of 1 to 3 lbs. per square 
inch of brush surface on the commutator. Measure brush tension by using a small 
Spring scale. 


9. High mica. Use hack saw blade or undercutting machine and undercut the mica 
about 1/16 inch. 


10. Wet or oily windings. All damaged windings must be properly cleaned and 
repaired before drying. Use carbon tetra chloride or other agents for cleaning. 
Dry windings by baking а 180° F. until dry. Motors can be dried out by operat- 
ing them with an ammeter and a regulating resistor connected in series with the 
machine windings. Adjust the regulating resistor so the current through the ma- 
chine windings will not exceed name plate value. After machine has been dried 
out make an insulation test to determine the condition of the insulation. 


11. Rough or dirty commutator. Smooth commutator with sandpaper or commutator 
stone. True commutator by turning it in a lathe or using tools made for that 
purpose. After trueing a commutator іп а lathe use #000 or #0000 sandpaper to 
smooth commutator. Clean commutator with fine sandpaper or use a cleaning agent 
such as carbon tetra chloride. It is best not to use a cutting agent for clean- 
ing. Never use emery cloth or a lubricant of any kind on a commutator. 


12..Incorrect grade of carbon brush. Carbon brushes vary in capacity from 40 I 
to 125 I per square inch of brush surface in the commutator. When renewing 
brushes always be certain that the brush used has sufficient capacity to carry 
the load without overheating. 
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MOTORS - POLYPHASE - ROTATING FIELD 








THREE PHASE] CURRENTS 


Fig. 60. This diagram of three-phase voltages covers two complete cycles, The numbers on it refer to the numbers on the 

diagrams below. Each diagram shows the condition in the armature at the instant indicated by the corresponding number on 

this curve. The action of the magnetic field is emooth and regular; the rise and fall of currents in the conductors is also 
smooth and regular 

2 i 3 








А8 и 
The current entering the The current in line 1 is small This and the following dia. 





motor on line 1 divides is zero and that flowing in and joining that from line £ grams show how the mag- 

equally and leaves the motor at line 1 leaves at line 8. flows out in line 3 which setic field continues to ro- 

on linc 2? and line 3 The magnetic field revolves carries a marimum ncgative tate throughout the remain- 
clockwise current der of the cycle 





(и) 
Fig. 61. This series of twelve diagrams shows the electric and magnetic conditions in a 
two-pole, three-phase motor at the end of twelve equal parts of one cycle 
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MOTOR CHARACTERISTICS 


















| Арргох. Арргох. 
Starting Maximum 
Motor Torque Torque Starting Load 
Type of Driven Machinery Type Speed in ¢ of i in 7 of t Equipment Conditions 





in 95 of 
R.P.M. | Full Load | Full Load 
















125 200 
































450 
5 T ZK t 

mune Cen M онат (өле 180 | To | To | To | то | agti meea te 
Une un ананы ОИ О ОИЕ а и 

otor Generator в; apers; E T — А . А 
Screw Machines; Planers; Milling 125 450 2 ing current. ous duty. Infrequent 
Machines; Keyseating Machines; load fluctuations. Mo- 
Lathes; Buffers; Drill Presses; Type 1200 To To tor provides service 
Metal Grinders; Joiners; Molders; QZK 180 4 factor for overload 











Starters may be re- | conditions. Constant 


S ; Ci S Small and 
anders: Circular, Saws (Sm duced voltage or full | speed. No special con- 


Medium); Positive Pressure Blow- 

















ers; Job Printing Presses; Brine 115 2 voltage types. Manual | ditions. 
Agitators; Pulp Grinders; Jordans; 900 To To or magnetic, non-re- 
Laundry Washers; Small Stokers. 140 4 versing or reversing. 

































































Pumps (Reciprocating and Dis- 225 
placement); Air Compressors; Re- 1800 T T 
frigerating Compressors; Convey- o o Compressors and 
ога; З ска Coe (without fy- 275 250 5 рыр RS 
wheels); ug ixers; Grinders, Туре | 一 --------1------- 一 А ap. 

e Tes certain conditions ma 
AO ид е ы Band QOZK 200 200 3 Across the line, full- | be successfully handled 
Saws; Pug Mills; Dry Pans; Brick | Ratings| 1200 To To To vonage manualor msg by type QZK Motors. 
Presses; Gear Plungers; Brick and | 3 H.P.& 250 225 5 “| -reversing ü : 
Tile Machines; Foundry Tumbling L је“ reversing. leavy starting. con- 
Barrels; Centrifugal Sand Mixers; arger = tinuous or intermittent 
Grain Elevator Legs; Bending and 190 190 3 duty; service factor for 
Straightening Rolls; Bucket-type 900 To To To overload conditions. 
Elevators; Conveyors starting 200 
















loaded. 225 
1800 300-400 | 300-400 | 300-350 | 15-20 Across the line, full. | Require high starting 
voltage reversing eleva- | torque intermittent 


е T ee eee ыле чы е 1 - 
Pass d Freight El К уре 2 
шанлы дананың ЫН ЕТТЕН ЕТТІ ЕТ ЕН ыы аа амы 

































300-400 






























1800 | 300-400 325-375| 15-20 М 
Hoists, Lifts, Small Cranes, Valves. Type ORZK ожте — — id 
prune “| QÉZK | 1200 |300-400| 300-400 | 325-375 | 15-20 ; — 
1800 | 300-350 | 300-350 | 375-450 High starting torque. 













Type |— Range | Across the line, full- | Heavy fluctuating 


Punch Presses, Laundry Extractor. 

























Sh .P H , Crush: E с X Е voltage, manual or au- | loads, 1 ith fly- 
E EE O OO A00 | O E Масаты Қа e Mon wrens 
with Flywheels. 900 300-350 | 300-350 Ron-reversing. to accelerate; continu- 


375-450 





ous duty. 

























1800 75-100 | 150-160 | 350-400 















Low starting and maxi- 
mum torque. Low 
starting current. Con- 
tinuous duty, service 
factor 1.0 and no over- 
load capacity. 


3-5 
Across the line, full. 
3-5 voltage, manual or au- 
s tomatic reversing or 
non-reversing. 





е Е Type jiii — 
P 5 
Beets and Fane Centrifugal and | QBZK | 1200 | 75-100 | 150-160 


Propeller. 40 Н.Р. |— 一 一 一 
1% Larger} 900. 75-100 | 150-160 





350-400 
















350-400 3-5 








Type QXZK motors 

may be started across 
2-4 the line^at full voltage 
with comparative. low 
starting current.. 


Starters may be re- 
2-4 duced voltage or full 
voltage types. Manual 
or magnetic, non-re- 
versing or reversing. 


i 
с ic ;El р 2 < 
Grinding Machinery. Hoists; Laun- 1800/900 125180 200250 
dry Machinery; Machine Tools: QXZK 
Mills; Mizing Machines: Positive Multi- | 一 
isplacement омета; Positive | Speed 1800/ 
Displacement ere ahrinting |Constant| 1200/ | 125-180 | 200-250 | 450-550 
Woodworking Machines. Torque | 900/600 











Require normal start- 
ing torque for continu- 
ous duty. Infrequent 
load fluctuations. Mo- 
tor provides service 
factor for overload con- 
disions. Constant 
speed. No special con- 
ditions. 


450-550 
















































Type QMZK motors ^ 
may be started across | Require normal start- 
the line at full voltage | ing torque for continu- . 
2-4 with comparative low | ous duty. Infrequent 
| 
| 














QMZK 
Multi- |1800/900| 125-180 | 200-250 | 450-550 
Machine, тооз; Production Equip- Speed 
Bending Rolls, ec Winches. | Constant) 1800/ 


Horse- 1200/ | 125-180 | 200-250 | 450-550 
power | 900/600 


starting current. load fluctuations. Mo- 
tor provides service 
factor for overload con- 
ditions. Constant 
speed. No special con- 






Starters may be. re- 
2-4 duced voltage or full 
voltage types. Manual 






















or magnetic, non-re- | ditions. 
versing or reversing. 
Type QNZK motors 
QNZK |1800/900| 125-180 | 200-250 | 450-550 | 2-4 | mé'ise ac fan veltage | Require normal start- 
Multi. ————|— ——|— ——l—— ——|— | vith comparative low | Sls duty. for contin’ 
Speed 1800/ | 125-180 | 200-250 | 450-550 2-4 starting current. Start- | gad fluctuations. Mo- 
Blowers, Fans and Pumps, | Variable 1200/ Foliage ог и tor provides service 





factor overload condi- 
tions. Constant speed. 
No special conditions. 


types. Manual or mag- 
netic, non-reversing or 
reversing. 


| Torque | 900/600 
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SPEED 








SPEED 





AJUSTABLE SPEED CONSTANT 


VARIABLE SPEED 





CLASSIFICATION 


ALTERNATING CURRENT 


A.C. 


CURRENT | 3 8 2 PHASE 


DIRECT CURRENT 


COMPOUND 


| POWER SUPPLY 


"e | Ca. TYPE 





DIRECT 


ax 

E 
а 
5 м 
Odo 
o?o 
= 


DIRECT - 


PHASE 


м 
© 
ы] 


и, то |200 | 200 FREQUENT & HEAVY 
А 
-|H WOUND ROTOR 300 HP | 2*0 | 220 STARTING 


„ 


SN PHBE 
ЕЙЕЙ 


- 
z 
ш 
a 
& 
> 
о 






SQUIRREL CAGE 40 то | 50 SPECIAL PURPOSE 
LOW TORQUE - LOW TO CONSTANT ‘LOAD 
STARTING CURRENT 100 НР | 80 LIGHT STARTING 


D.C. Generators 


GENERAL 
REMARKS 


TYPE OF 
MOTOR 


SPEED REGULATION 
PER CENT SLIP 


a 
ul 
= 
O 
a 
ul 
o 
с 
o 
I 


o 
© 
2 
- 
< 
a 


BENDING ROLLS 
BORING MILLS 





ш 
о 
ul 
© 
z 
< 
a 
* 
* 








а. 
STANDARD SQUIRREL и, то 200 
NORMAL TORQUE - NORMAL 2 To GENERAL PURPOSE © 
STARTING CURRENT 300 HP 250 WIDE APELHEATIOH 
IRREL CAGE ! 
MAL TORQUÉ - LOW 7h TO SIMPLE CONTROL 
STARTING CURRENT 200 НР . 





zo 
oo 
zc 


SQUIRREL CAGE з то | 200 | 175 HEAVY STARTING 
HIGH TORQUE - LOW TO TO 
с [А STARTING CURRENT 250 | 225 SIMPLE CONTROL 
SQUIRREL CAGE и, то |200 | 200 HEAVY STARTING - 
pg HIGH TORQUE - HIGH SLIP 300 | 300 FLUCTUATING LOAD 


SQUIRREL CAGE % TO 173 SPECIAL SERVICE 
LOW TORQUE 10 НР 200 SMOOTH REVERSAL 






本 


CAPACITOR - INDUCTION % 70 59 125 LIGHT STARTING 
LOW TORQUE 10 НР 75 |200 DIRECT CONN. LOAD 


CAPACITOR - INDUCTION и то | 1$0| 75 | 4 | GENERAL PURPOSE 
10 НР |200 | 200 | 6 INFREQUENT STARTING 





NORMAL TORQUE 
и то GENERAL PURPOSE 
| [МА зонт мош Aiso | | crea oaos 
и то | 175 HEAVY STARTING 
2 
Bm COMPOUND- WOUND 75 HR / FLUCTUATING LOAD 





HEAVY AND 
FREQUENT STARTING 


SPEED INDEPENDENT 
OF LOAD 


SPEED INDEPENDENT 

OF LOAD 
SPEED INDEPENDENT 
OF LOAD 


WIDE RANGE 
FLEXIBLE CONTROL 


EXTREME WIDE RANGE 
FLEXIBLE CONTROL 


LIMITED RANGE 
HEAVY STARTING 


LIMITED RANGE е 


CONSTANT HORSEPOWER RC 
2-3-4 SPEEDS 150 НР 
CONSTANT TORQUE 1/4 Т0 
2-3-4 SPEEDS 200 HP 
VARIABLE TORQUE A TO 179 
2-3-4 SPEEDS 200 HR 200 





OEPENDENT ON LOAD 


WIDE RANGE 
LIMITED APPLICATION 


BE EE EE es en n 


ж | WIDE RANGE 

; LOW EFFICIENCY 
41011151. LIMITED RANGE 

INA ARMATURE CONTROL 75 НР |200 / Ж | DEPENDENT ON LOAD 

ma 

Na | 

* 

қ 


FIELD AND ARMATURE и то | 75 WIDE RANGE | 
CONTROL 50 НР | 200 LIMITED APPLICATION 
VARIABLE VOLTAGE A TO | №3 
CONTROL 30 HP | 200 
5 4 то | 300 
ARMATURE CONTROL M IP 
DEPENDENT UPON LOAD AT NORMAL SPEED. 


HORSEPOWER RATINGS , TORQUE AND REGULATION DATA IS FOR 4 POLE (1000 Арм.) 60 CYCLE A.C. MOTO 
MAXIMUM! TORQUE IS LIMITED BY COMMUTATION. UNDER NORMAL CONDITIONS D.C. MOTOR DEVELOPS 200 T 


WIDE RANGE 
LOW EFFICIENCY 


* LIMITED RANGE 图 
HEAVY STARTING 





— 





ULLDOZERS 
APSTANS-CAR PULLERS 
OMPRESSORS 
ONVEYORS 

LOADED START 
RANES- HOISTS 
XTRACTORS 

LORY. & CHEM. 

FANS - CENTRIFUGAL 
FANS - PROPELLER 
GRINDERS -BUFFERS 
HAMMER MILLS 
IRONERS - FLATWORK 
LINE SHAFTS 

MILLING MACHINES 
MOTOR-GEN. AC.- D.C. 
MOTOR-GEN. D.C-AC. 
MOULDERS - TENONERS 
PLANERS - JOINTERS- 

SURFACERS 
RINTING PRESS - JOB 
RINTING PRESS - 

ROTARY & OFFSET 
UMPS-CENTRIFUGAL- 
UMPS - DISPLACEMENT 
UNCHES - SHEARS - 

HAMMERS 

SAWS - CIRCULAR 
AWS-BAND 

WASHERS-REV. MOTOR 


TOKERS 
ALVES 
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RS AND 1750 R.PM. D.C. MOTORS. 
O 400% MAXIMUM TORQUE MOMENTARILY. 
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D.C. Generators 


VARIABLE VOLTAGE CONTROL. 











.plied to its 


The variation in speed ob- 
tainable by field control on the 
ordinary D.C. motor will not, 
in the average case, exceed 4 
to 1 due to the sparking diffi- 
culties experienced with very 
weak fields. Although the 
range may be increased by in- 
serting resistance in series 
with the armature, this can be 
done oily at the expense of ef- 
ficiency and speed regulation. 

With constant voltage ap- 
plied to the field, the speed of 
a D.C. motor varies directly 
with the armature voltage; 
therefore, such a motor may 
be steplessly varied from zero 
to maximum operating speed 
by increasing the voltage ap- 
armature. The 
sketch shows the arrangement 
of machines and the connec- 
tions used in the Ward Leon- 
ard type of variable voltage 
controk designed to change 
speed and reverse rotation. 
The constant speed D.C. gen- 
erator (B) is usually driven 
by an A.C. motor (A) and its 
voltage is controlled by means 
of rheostat R. Note that the 
fields of both generator (B) 
and driving motor (C) are en- 
ergized from a separate D.C. 


4— GENERATOR FiELD RHEOSTAT. 





ENERATOR 
ARMATURE. 





GENERATOR FIELD. 


supply or by an auxiliary ex- 
citer driven off the generator 
shaft. Thus the strength of 
the motor field is held con- 
stant, while the generator 
field may be varied widely by 
rheostat R. 

With the set in operation 
generator (B) is driven at a 
constant speed by prime mov- 
er A. Voltage from B is, ap- 
plied to the D.C. motor (C) 
which is connected to the ma- 
chine to be driven. By proper 
manipulation of rheostat R 
and field reversing switch S 
the D.C. motor may be gradu- 
ally started, brought up to 
and held at any speed, or re- 
versed. As all of these changes 
may be accomplished without 
breaking lines to the main 
motor, the control mechanism 
is small, relatively inexpen- 
sive, and less likely to give 
trouble than the equipments 
designed for heavier currents. 

The advantages of this sys- 
tem lie in the flexibility of the 
control, the complete elimina- 
tion of resistor losses, the rel- 
atively great range over 
which the speed can be varied, 
the excellent speed regulation 
on each setting, and the fact 


MoToR FiELo RHEOSTAT. — 


DRIVING MOTOR 


MoToR 
ARMATURE. 




















<> 
C 
ә, 
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<> 
® 
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MoronR FiELo. —- 










































that changing the armature 
voltage does not diminish the 
maximum torque which the 
motor is capable of exerting 
since the field flux is constant. 

By means of the arrange- 
ment shown, speed ranges of 
20 to 1—as compared to 4 to 1 
for shunt field control—may 
be secured. Speeds above the 
rated normal full load speed 
may be obtained by inserting 
resistance in the motor shunt 
field. This represents a modi- 
fication of the variable volt- 
age control method which was 
originally designed for the op- 
eration of constant torque 
loads up to the rated normal 
full load speed. 

As three machines are usu- 
ally required, this type of 
speed control finds application 
only where great variations 
in speed and unusually smooth 
control are desired. Steel mill 
rolls, electric shovels, passen- 
ger elevators, machine tools, 
turntables, large ventilating 
fans and similar equipments 
represent the type of machin- 
ery to which this method of 
speed control has been ap- 
plied. 











PARALLELING D.C. GENERATORS. 
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D.C. Generators 


SERIES WELDING GENERATOR 
C 


Ross FIELD DESIGN 


WELDING 
LEADS 





4 х MAGNETIC SHUNTS 
2= MAIN POLES 
Зе INTERPOLES 
4* SHORT CIACUITED BRUSHES. 







THIS WELDER ELIMINATES THE USE 
OF A REACTOR, EXCITER, VOLTMETER, 
AMMETER, METER SWITCHES , FIELD 
RHEOSTATS , AND FIELD DISCHARGE 
RESISTANCE . HOWEVER IT OPERATES 
VERY SATISFACTORILY HAVING FEWER 
PARTS THAN OTHER TYPES OF WELDING 
GENERATORS. THE MAINTENANCE COST 
IS CONSIDERABELY LOWER. 
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MOTORS - DIRECT-CURRENT 
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LAP WINDING AND ARMATURE CONNECTIONS 


An armature winding is an electro-magnet having a number of coils connected to 
commutator bars. There must be at least one start and one finish lead connected 
to each commutator bar. There are two types of armature windings, LAP & WAVE 
wound. The coii leads of a lap wound armature connects to commutator bars that 
are near each Other and the coil leads of a wave wound armature connects to com- 
mutator bars that are widely separated. See Fig. 1 & 2. 


When current flows through the coil in a clockwise direction a south pole will 

be produced on the surface of the armature. Fig. 3. If the current flows ina 
counter clockwise direction a north pole will be produced on the surface of the 
armature. Fig. 4. A large number of coils are used to produce a strong magnetic 
pole and a smoother twisting action. 


— [pop Ib p pb psp p 
COMMUTATOR commura ror 


ARMATURE WINDING CONNECTIONS 
Although there are only two types of D.C. armature windings there are a number 
of winding connections that apply to either a lap or a wave wound armature. 


SYMMETRICAL & NON-SYMMETRICAL CONNECTIONS. If the coil leads connect to com- 
mutator bars that are on a line with the center of the coil the connection is 
symmetrical. Fig. 5. If the coil leads connect to commutator bars that are not 
on a line with the center of the coil the connection is non-symmetrical. Fig. 6. 


The brushes must always short the coil when it is in the neutral plane which 
means that the brushes be located on a line with the center of the field pole if 
the coil is connected symmetrical and located between the field poles if con- 
nected non-symmetrical. 


SYMMETRICAL FI6.6 NON - d reu TRICAL 


4 
FIELD FIELD 
— Cor |L I leee || . 


ARM. B*BRUSH 
BRUSH 
FIELD 
POLE 
COMMUTATOR COMMUTATOR 
— BAUSH BRUSH 
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D.C. Armature Windings 


LAP WINDING AND ARMATURE CONNECTIONS (cont:nveo) 


PROGRESSIVE & RETROGRESSIVE CONNECTIONS. If the start and finish leads of a 
coil, or the element of a coil, do not cross the connection is known as pro- 
gressive. Fig. 7. If the start and finish leads of a coil, or the element of 
a coil, cross the winding is connected retrogressive. Fig. 8. 


If a winding is changed from progressive to retrogressive, or vise versa, the 
effect will be reversed rotation on a motor and reversed brush polarity ona 
generator. Lap wound armatures are usually connected progressive and wave wound 
armatures retrogressive. 


ELEMENT WINDINGS are used to reduce the voltage across adjacent commutator bars 
and decrease the tendency of brush sparking. Example - An armature has 30 turns 
per coil and the voltage per turn is 1 volt or 30 E per coil. If the coil were 
wound in one section and connected to adjacent commutator bars the voltage across 
the bars will be 30 E. Such a coil would have one start and one finish lead and 
there would be as many bars as slots. This would be a single element winding. 
Fig. 9. 

If this coil were divided in two sections (15 turns per sections) and each section 
connected to adjacent bars the voltage across adjacent bars would be 15 E. Such 
a coil would have two start and two finish leads and there would be twice as many 
bars as slots. This would be known as a two element winding. Fig. 10. 


If the coil were divided in three sections (10 turns per section) and each sec- 
tion connected to adjacent bars the voltage across adjacent bars would be 10 E. 
Such a coil would have three start and three finish leads and there would be 
three times as many bars as slots. This would be known as a three element wind- 
ing. Fig. 1l. 


Element windings are particularly desirable for high voltage machines. The 
practical limit is usually three or four elements. 


SINGLE ELEMENT TWO ELEMENT THREE ELEMENT 
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LAP WINDING SLOTS = 24 
SIMPLEX BARS = 24 
PROGRESSIVE POLES= 4 
SYMMETRICAL COIL SPAN = 1-7 


SINGLE ELEMENT 


COIL SPAN = THE NEXT WHOLE NUMBER 
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LAP WINDING SLOTS = 15 
SIMPLEX BARS = 30 
PROGRESSIVE POLES = 2 
NON- SYMMETRICAL COIL SPAN= 1-8 
TWO ELEMENT 





D.C。Armature Windings 29 
PRINCIPLES OF LAP AND WAVE WINDINGS 













The lap winding is usually used on a circuit where the operating volt- 
age is 220 E or less in value. This type of winding is desirable for 
general factory work. It is possible to design an armature for a 
higher ampere capacity by having it lap wound. The higher ampere 
capacity is obtained because there will be a greater number of paral- 
lel paths in the armature which increases its ability to carry current. 


Fig. 1 Fig. 2 


SECTION OF A 4 POLE PROGRESSIVE SECTION OF A 4 POLE RETROGRESS.VE 
LAP WINDING. LAP WINDING. 
















The name wave wound is derived from the way the current circulates or 
waves through the armature. The wave type winding is usually used on 
a circuit where the operating voltage is 250 E or more in value. This 
type winding is desirable for traction work, steel mills & mine work. 
It is possible to design an armature for a higher operating voltage by 
having it wave wound. The higher operating voltage is obtained be- 
cause there will be a greater number of armature coils in series be- 
tween the brushes which increases the operating voltage. 








Fig. 3 
4 pole progressive wave winding. 


Pig. 4 
4 pole retrogressive wave winding. 
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LAP WINDING SLOTS =24 
DUPLEX BARS = 24 
PROGRESSIVE POLES = 4 
SYMMETRICAL COIL SPAN 21-7 


SINGLE ELEMENT 
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MOTORS - MAINTENANCE 





/NSTRUCT/ONS FOR SETTING BRUSH HOLDERS (racia. rrec) 


TO PREVENT INJURY TO BRUSHES ANO COMMUTATOR 
JANETTE MANUFACTURING COMPANY 


BLUSH RADIAL TYPE 
BRUSH 


о STUD 


— 


a p e HOLDER 
> ES 


g мен =~ SET ALL UPPER BRUSHES 


WITH ARMATURE PVSHEO 
THIS WAY 






STAGEER - 0 中 

OVERLAP TO 
PREVENT 
GROOVING 

COMMUTATOR 


8 ‘мен - SET ALL LOWER 


BRUSHES WITH ARMATURES 
PUSHED THIS WAY 
+ 









BRUSH TIP 
/ ВжЕлк$ $ 
/ BURNS 






WRONG 


LOWES S/OE OP BRUSH STUD - | INCH FROM BRUSH STUD TOO CLOSE TO 
соми TATOR. COMMUTATOR. 
BRUSH HOLDER ~ ffe AX. FRoOny COMMUTATORE, , 


BRUSH TIP BREAKS 


ANO BURNS 


BRUSH TIP 
E d BREAKS 
ыт 





i > 
MORE THAN 76 





WRONG WRONG 
BRUSA MOLOER TOO FRR FROM COMPMUTRTOR, BRUSH STUD TOO FAR EFRON 
CONTACT AREA REOUCEO BY BREAKING OF TIPS CONMMUTATOR 


SET MACHINE LEVEL TO ALLOW FREE END PLAY 
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51075-32 


WAVE WINDING 
SIMPLEX 


BARS = 32 


POLES = 6 


PROGRESSIVE 





COIL SPAN = 1-6 


SYMMETRICAL 





COMMUTATOR PITCH =1-12. 


SINGLE ELEMENT 











一 
Ч---4---/” 


“a 
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D.C. Armature Windings 


WANE WINDING: 


SIMPLEX 
RETROGRESSIVE 
SYMMETRICAL 
TWO ELEMENT 


SLOTS =13 

BARS = 25 

POLES =4 

COIL SPAN = 1-4 
COMMUTATOR PITCH = 4-13 





A-B ENDS OF DEAD COIL. 


COYNE 


Although equalizers have 
been used on large armatures 
for many years, the applica- 
tion of these connections to 
small machines is a compara- 
tively recent innovation that 
has raised questions regard- 
ing the advantages of such 
connections, and the method 
of testing such windings for 
faults. 

Briefly, equalizer connec- 
tions provide better commuta- 
tion, make possible one-half 
the number of brushes usually 
used on the lap-wound ma- 
chine, and provide the manu- 
facturer with a means of 
avoiding the special slot and 
commutator bar relationships 
demanded by wave-type wind- 
ings. Inasmuch as the equal- 
izers here referred to are per- 
manently connected to the 
commutator, and inasmuch as 
they make testing of the ar- 
mature impossible by the reg- 
ular procedure, the testing 
method and other information 
about these connections 
should prove of value to main- 
tenance electricians and ar- 
mature shop men. 

The principal purpose of 
equalizers is to connect to- 
gether on the armature those 
points which have the same 
polarity and which should 
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D.C. Armature Windings 


ARMATURE EQUALIZER CONNECTIONS. 


have equal potential. For a 
four-pole winding this means 
commutator bars 180 degrees 
apart; for a six-pole arma- 
ture, bars 120 degrees apart; 
for an eight-pole machine, 
bars 90 degrees apart. The 
number of bars spanned by 
the equalizer will equal bars : 
pairs of poles. For the arma- 
ture shown in the diagram, 
each equalizer will span 
24:2, or 12 bars, thereby mak- 
ing the connection 1 and 13, 
2 and 14, etc. The pitch for 
any other number of bars or 
poles would be determined by 
the same method. 

To test such an armature, 
current must be fed to the ar- 
mature from an external low 
voltage D.C. supply, such as a 
battery, the leads being con- 
nected to commutator seg- 
ments one-half the equalizer 
pitch apart. Since the equalizer 
pitch is 12 segments in this 
case, the leads will be spaced 
six bars apart or 1 and 7. Any 
pair of bars so spaced may be 
used, in a fully equalized ar- 
mature; bars 13 and 15 being 
employed in the diagram. 

The value of the test cur- 
rent is adjusted to give satis- 
factory deflection on the milli- 
voltmeter, and volt drop read- 
ings are taken between all ad- 
jaceht pairs of segments. 


These readings are interpret- 

in the usual manner, low 
readings indicating shorts, 
high readings showing high 
resistance connections or 
opens. Tracing the winding 
and also by actual test, it will 
be noted that if the readings 
from bars 13 and 19 are for- 
ward, then the readings from 
19 to 1 will be backward. 1 to 
7 will be forward, and 1 to 13 
backward. This is a normal 
indication obtained in all 
windings. 

If the factors mentioned 
are kept in mind, the proced- 
ure given will produce con- 
sistently accurate results. It 
is to be noted such an arma- 
ture will, when tested on a 
growler, give a shorted indi- 
cation on all coils, even though 
the winding is in perfect con- 
dition. The reason for this can 
be seen by tracing from bar 1 
through the coil to bar 2, 
through the equalizer to bar 
14, through the coil to bar 13 
and back through the equal- 
izer to bar 2. Thus every coil 
on the armature is apparently 
short circuited by having an- 
other coil placed in series with 
it through the equalizer con- 
nections. This explains the 
need for a special testing pro- 
cedure. 
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MOTORS - SELECTION AND APPLICATION 


WIRING DIAGRAMS 


The following connection diagrams are those used with standard windings of the types indicated. 


Special connections are available with special windings. 


p T LINE 


SHUNT WOUND 4 LEAD REVERSIBLE COMPOUND WOUND 5 LEAD 
REVERSIBLE 





LINE 


SPLIT PHASE AND SYNCHRONOUS 
SPLIT PHASE 4 LEAD REVERSIBLE 


LINE 


= 


CAPACITOR START 4 LEAD 
REVERSIBLE 





CAPACITOR AND SYNCHRONOUS 
CAPACITOR 4 LEAD REVERSIBLE 


CAPACITOR AND SYNCHRONOUS 
CAPACITOR 3 LEAD REVERSIBLE 





z 
5 LINE 
SHADED POLE 2 LEAD NON- 
REVERSIBLE 
LINE 
‚ SERIES 2 LEAD NON-REVERSIBLE 
THREE PHASE AND SYNCHRONOUS Electric- 







THREE PHASE governor 


‘contocts 








Connect condenser 
and resistance 
across leads os 
indicated 


To Ii Condenser.” А 
DE Resistance 
GOVERNOR CONTROLLED SERIES 
WOUND 4 LEAD NON-REVERSIBLE 
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DATA SHEET FOR MOTOR AND GENERATOR REWINDING 


Job Мо. — Customer 





Address 

Date received  Јаќе рготјвед 

How delivered. дец. Wi1l call 
Terms of payment 1 1 Estimate 

Cost of materials used.  Тойірвге. labor 


WORK TO BE DONE 
Write out in detail 





REWIND DATA 
р Amps.  — R.P.M, — Type 
Serial No. ме 
No. of slots. Coil span. |. |. .  . Turns per coil 
Size and kind of wire МЕ. conn. 

No. of wires in parallel. Т Lbs. of scrap wire removed 
Slot insulation 

Wo. of comm. bers. бот. рев 

Dead со11в—  Деад реге. |. Wires per bar 
Dia. of core Length of core. End room 

Band wires Size Ko. of turns. Solder balance weights 












WAVE SIMPLEX SYA. 


LAP SIMPLER. SYM. 





WAVE SIMPLER LAP DIMPLEX LAP SIMPLER 
WA. d ELEMENT NOM - SYM. SVM., 2 ELEWENT. 
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Coil Forming 


The sketches show the method of making the right size coils 
for an armature winding. 

The first step is to count the number of slots and commutator 
Segments for determining the coil span and what element it is. 
After the coil span is found measurements should be according to 
Fig. 3 which shows the size a coil should be in relation to the 
average size armature. Notice particularly that the coil end 
extends 1/2" beyond the slot, 1/4" before spanning over to another 
Slot. It can also be noticed that the twist (or curl) made in 
each end of the coil must be made at the exact center, otherwise 
the coils will not fit in properly. 

Using a ruler, measure from a point 1/2" from the commutator 
in the exact center of the coil, (using a coil span of 1-7, slot 
#4, counting from #1 would be the center) to within 1/4" of slot 
#7. Referring to the armature in Fig. 3 this would be from C to 
D or 2-1/4". Measuring from C to B would be 6-1/2", and from A 
to B would be another 2-1/4" making a total of 11 inches for the 
length of the coil. 

Set the coil winder (Fig. 1) at 11" and if the armature has 
twice as many segments as slots, or is two element, wind the two 
element coils with two wires in parallel, making both of the small 
coils in the two element coil in one operation. After the coils 
are wound on the winder they should be taped with cotton tape. 

Referring to Fig. 2 which shows the method to use in forming 
the coil and bringing out the leads for both lap and wave wound 
coils note that coil should be taped before forming, assuming the 
approximate point where the lead should come out. 

Extreme care must be taken in taping the coils to overlap ex- 
actly 1/2 its width pulling each turn firmly against the wires of 
the coil (start taping the coil 1" from the end at which the leads 
are to be brought out). 

The next step is shaping the coil. The slots in the coil 
former that will hold the coil while it is being shaped should be 
set 6-1/2" on the scale (the slot on the pull arm should also be 
the same width and height). То get the length of the coil from 
one point to the other, measure from the center of the coil along 
the 4th slot (starting within 3/4" of the commutator and letting 
the ruler extend out at the other end) to a point the same distance 
at the opposite side. Referring to Fig. 3 this would be from D to 
A or 8-1/2". The adjustable rings on the shaft of the coil former 
will slide out so the holes in the knuckles will be held this dis- 
tance (8-1/2") apart. Too much pressure should not be exerted in 
pulling the coil into position, as there is danger of breaking the 
insulation. When the coil has been stretched out the knuckles 
should be turned in the direction shown in Fig. 2, being very 
careful to see that the holes that the pins go through, to hold 
the coils in place, are exactly in the center of the coil. 

Note:- The leads that extend from the coil when winding should 
be only long enough to reach to the end of the commutator bar oppo- 
site the riser. These ends should never be used to wind around 
the coil. Short lengths of wire may be used for this purpose, re- 
moving them as the coil is taped. 

Note:- It is always good practice to make but one coil, shape 
it and try it on the armature to see if it is the exact size de- 
sired. Then,if any alterations must be made only one coil will 
be wasted. 





Coil Forming 


Wires around coil fo hold 
it together_ before taping: 
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Coil former 


scale in inches. 





front view/ 
of knuckle 
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AMMETER 
FULL SCALE 
READING 


2.51 


24 LBS. OF 
LAMINATED IRON 
RHEOSTAT 7 OHMS 


TWO COILS OF WIRE ARE USED 
EACH CONTAINING 250 TURNS 
oF * 17 S.C. E. WARE. THE COILS 
ARE INSULATED FROM EACH 
OTHER BY TWO LAYERS OF FISH 
PAPER AND TWO LAYERS OF 
EMPIRE CLOTH. THESE COILS 
MAY BE WOUND ONE OVER THE 
OTHER OR IN TWO SECTIONS AS 
SHOWN. 


D.P. DT. SW. USED 
TO CONNECT COILS 
IN SERIES OR 
PARALLEL FOR 
DIFFERENT STRENGTH 
MAGNETIC FIELDS 


HOE. 60~ A.C. 
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GROWLER SPECIFICATIONS 





OF 
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TROUBLE: OPEN CUIL 

This defect shows itself on the operating machine by exces- 
sive sparking at the brushes and burning of the bars attach- 
ed to the coil. When tested on the growler, the meter read- 
ing between bars 1 and 2 will be zero. If the open is due 
to pour soldering at the commutator, resolder. If caused 
by an open in the coil itself, disconnect tne leads, insu- 
late the ends, and connect a jumper from bar 1 to bar 2. 


TRUUBLE: REVERSED CUIL LEADS 

In operation, this defect would create unbalance in the arm- 
ature circuit with the result that circulating currents 
would flow and tend to cause overheating. On the growler, 
make a 1 to 3 bar test, ‘then testing between bars 7 and 9, 
the reading would be zero and the same reading would be ob- 
tained between bars 8 and 10. This would indicate that the 
leads of the coil attached to bars 8 and 9 are reversed, 


TROUBLE: GROUND BARS 

14 there are no other grounds on the machine, the fault 
will not affect the operation of the machine at all. If 
Other grounds are present, severe flashing at the brushes 
will usually occur. The test procedure is the same as em- 
polyed in diagram "C". To determine if ground is coil or 
bar, disconnect wires from bar 13 and then test bar for 
ground Remedy: reinsulate bar, 


D.C. Testing 


TROUBLE: SHORTED COIL 

When the machine is in-operation, a shorted coil is indica- 
ted by the excessive heat it generates. While other coils 
on tue armature maintain a normal temperature, the shorted 
coil becomes so hot that it burns the insulation from the 
winding. Оп the growler, the meter reading between bars 4 
and 5 will be low or zero. A hacksaw blade will vibrate ov- 
er the slots in which the shorted coil lies. 


TRUUBLE: REVERSED CUIL LOUPS 

This fault, which usually occurs in @ rewound machine, may 
produce sparking at the brushes during operation. When 
tested on the growler, the meter will show a double reading 
between bars 10 and 11, a normal reading on 11 and 12, and 
a double reading on 12 and 13. To remedy, unsolder loops 
on 1] and 12 and reverse them. Hacksaw will give no indi- 
cation of this fault. 


This sxetch shows how the different faults above listed are 
remedied. The letters on the sketch refer to diagrams 
above in which the fault is given detailed treatment. "A" 
shows gemedy for open coil, "B” for shorted coil, "C" for 
grounded coil. Dotted lines between bars represent jumpers, 
Note that with a shorted coil it is ential that the coil 
itself be cut as shown ín "B" to remove the short circuit. 
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TROUBLE: GROUNDED COIL 

А grounded coil will usually give no indication during oper- 
ation unless the frame of the unit be ungrounded; in this 
case, a shock may be felt when touching the frame. Two 
grounds on the armature produce a short-circuit. On the 
growler, a meter reading is taken between the commutator 
bars and the shaft. The reading becomes less as the shorted 
bar is approached and is minimum when contacted. 


TROUBLE: SHORTED BARS 

Indication during operation is overheating of coil attached 
to bare 14 and 15 and possible sparking at the brushes. Оп 
growler, hacksaw blade will vibrate over slots containing 
toil connected to shorted bars, and meter reading between 
14 and 15 will be zero. Remedy: remove short from bars or 
discount coil and install a jumper from 14 to 15. 


STARCK SNN 


The purpose of a growler is to produce an alternating magne- 
tic field which, cutting back and forth through the arma- 
ture coils, induces in them a low voltage measurable at the 
commutator bars with an A,C. millivoltmeter, The resis- 
tance "R" is used to adjust the reading to approximately 
midscale. When a shorted coil is placed between the grow- 
ler jaws, the heavy current set up in the coil causes perio- 
dic magnetization of the slot in which the coil lies, resul- 
ting in the hacksaw blade held near the slot being alterna- 
tely attracted and released, 
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TROUBLE - OPEN COIL 
TO prevent injury to the meter, this test must precede 


all others when the millivolt metnod of testing is used. 
Set meter on the 15 volt range and, with current flowing 


through the armature, take readings between bars 1-2, 
2-3, 3-4, etc., until ali pairs of segments have been 
covered. A high reading between any pair of bars indi- 
cates an open coil. 
the meter 15 used to measure tne voltage drop in each 
armature cuii, and that this is done by taking readings 
between commutator segments. 


TROUBLE - REVERSED CUIL LEADS 
Usually encountered on armature that have Just been re- 
wound, this fault requires a different testing method. 
Set meter on 50 M.V. range, select the first coil to be 
tested, and find the segments to which tne ends of tnis 
со11 аге connected. With the meter ieads on these bars 
draw a magnet swiftiy across the slot in wuicn one side 
Of the coil lies and note deflection on the meter. Re- 
peat this test on all other coils, always moving the 
magnet in the same direction. When drawn across a re- 
versed cull, the meter will read backwards, 














































TROUBLE - GROUNDED BARS 

Test for this defect ts the same as fur a grounded coil. 
Meter reading from bar to shaft will be zero when the 
grounded bar is contacted. To determine whether the bar 
ог the coil is grounded, disconnect the coil from the 
bar and test again; if bar now tests clear, coil is 
grounded. When making this test, the meter readings may 
change so rapidly as the ground is approached, that a 
satisfactory deflection cannot be obtained without turn- 
ing to a different range. Therefore, as tne reading 
falls, 


Note that їп this method of testing 














the meter switch sould be moved to a lower range. 
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ARMATURE TESTS USING METER 














TROUBLE - SHORTED COIL 


best deflection, starting with the 300 setting and wrk 
down to the 50 M.V. range if necessary. Adjust current 


is obtained on a normal coil and make a bar-to-bar test 
on all segments. The defective coil will give a low or 
zero reading depending upon how many turns are shorted. 


is merely a comparative one, for it is bow the readings 
compare that is important. 


TROUBLE - REVERSED COIL LOOPS 
Usually found only in rewound machines, this fault is 
checked by the regular bar-to-bar test. Proceed in ex- 


since the current in passing from segment lO to segment 


obtained on a normal coil: the same is true for bars 12 
and 13. Bara ll and 12 will give a normal indication; 
thus reversed coil loops are indicated by a double г. 
ing, a normal reading, and a double reading. 





TRUUBLE - BAD CONNECTIONS 
Trouble frequently develope in armatures a» the resuit 
of poor electrical connections between the coii leads 
and the commutator segments due either to poor solder- 
ing or to overheating of armature while in service. 

High resistance connections of this type are indicated 
by high reading on the millivoltmeter. To positively 
locate which bar has the poor connection, make tne 

test indicated above. A poorly soldered joint will 

produce s readable deflection on the meter, whereas a 
woud joint will give no reading. 







For this test set meter on the M.V. range that gives the 


through armature until approximately midscale deflection 


it should here be understood that this method of testing 





actly the same manner as used for locating shorted coils 


1l must flow through two coils, it follows that the volt- 
age drop between bars 10 and 1l will be double the value 














TROUBLE - GROUNDED CDIL 
To make this test, send a current of suitable value thru 
the armature and measure the voltage difference between 
each segment aod the armature shaft. If the winding is 
Grounded, a reading will be obtained that becomes gradu- 
ally less ag the bars to which the grounded coil is con- 
nected are approached. The reading will be lowest on 

the bars to which the grounded coil is connected. It 

Should also be noted that as the grounded coil is passed 
the meter reading will reverse, To determine if the bar 
is grounded, disconnect the coil leads and repeat. 


TROUBLE - SHORTED BARS 
Make same test as for shorted coil. 


With current flow- 
ing through the armature, measure the voltage drop be- 


tween segments, When the shorted bars are encountered, 
the meter will read zero. Inasmuch as the same indica- 
tion would be obtained if the coil leads were shorted, 
it will be necessary to disconnect the leads from the 
commutator segments before it can be determined whether 
the low reading was caused by shorted bars or shorted 
coil leads. If after the coil is disconnected a zero 
reading is obtained, the bars are shorted. 





VARIABLE 
RESISTANCE 





VARIABLE 
RESISTANCE 





t 


110Е QC. 
| 


TESTING PROCEDURE 
Connect the armature to a 6 volt, 110 volt, or other D.C. 
Supply with a controlling remistance in series. This re- 
Bistance вау cousist of a number of paraliei-connected 
lamps arranged to be switched in or out of the circuit 
at will. Feed current into armature through bars exact- 
ly one pole pitch apart, and adjust current until the 
millivoltmeter gives a midscale reading on а normal coil, 
The amount of D.C. current required will vary with the 
size of the armature, fractional Н.Р. unite requiring 
about 2-4 amps, machines up to 20 B.P. about 10 amps, 
and the largest armature currents as high as 20 amps. 
After the current has been adjusted to a suitable value, 
take millivolt reading between bars 1-2, 2-3, 3-4, etc. 
if no faults are present, the readings will be approxi- 
mately equal. High readings indicate high resistance 
connections ually caused by poor soldering, while low 
readings show shorted coils or commutator segments. 































D.C. Motor Starters and Controls 


NOE A.C. LINE 


POWER PACK USED 
ТО STEP-UP 110E 
A.C. TO SOOE A.C. 
AND RECTIFY OR 
CHANGE IT TO О.С. 


500 £ D.C. 


D.C. Motor Starters and Controls 


Since the quality of the insulating materials used on any eletrical machine de- 
teriorates with age, due to the action of moisture, dirt, oil, acids, etc., it 
is necessary to periodically test the electrical resistance of the insulation so 
that weaknesses may be detected and corrected before they result in complete 
failure. 


Insulation resistance tests are usually made up applying 500 volts D.C. between 
the winding of the machine and the frame; the current which this pressure forces 
through or over the insulation to the frame is measured by a sensitive instru- 
ment, the scale of which is usally calibrated to read in megohms. The 500 volts 
D.C. may be developed by a hand-operated generator as in the megger, or it may 
be supplied from an A.C. source by a rectifier-filter combination as shown above. 


The readings obtained on any given machine will vary greatly with the temperature 
of the insulation, a 10 degree Centigrade rise in temperature reducing the in- 
sulation resistance as much as 50%. The dampness of the location, and the amount 
of oil, dust, or dirt on the winding, will also materially affect the readings. 
Wherever possible, the test should be made when the insulation is at the maximum 
operating temperature, 167 degrees F., (75 degrees C.) The minimum safe in- 
sulation resistance at maximum operating temperature should not be lower than 
One megohm for equipment having a voltage rating below 1000 volts. 


To make the test, connect the rectifier unit to 110 volts A.C., set the control 
switch on the meter to the one mil position, set switch in D.C. position, make 
the connections shown above, and read the insulation resistance on the top scale 
of the dial. Usually a general test is made between one lead of the machine and 
the frame, and if this proves to be too low, the’ windings are tested individu- 
ally. So after the general test, test the armature, shunt field, series field, 
and brush holders separately. To do this, take the brushes from the holders, 
disconnect the windings from each other, and test the insulation resistance of 
each. In this manner, the faulty element can quickly be found. This same pro- 
cedure is used on A.C. equipment also. If such readings are taken at regular 
intervals and the values recorded, a close check may be kept on the condition of 
the insulation resistance of all electrical equipment, and apparatus may be re- 
moved from service and reconditioned before breakdown occurs. 
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44 D.C. Motor Starters and Controls 
POWER PACK FOR INSULATION RESISTANCE TESTER 


500 000A - I VV 
400 OOOR-IW 


INPUT 
HOE A.C. 


RESISTORS 


250,000 R-IW VARIABLE 


OUTPUT 
500E DC. 


The connecting scheme employed on unit designed to convert 110 volt, 60 cycle 
A.C. to 500 volt D.C. for insulation resistance testing is shown above. Many of the 
parts required for this rectifying and filtering device may be obtained from old 
radio equipment; the remainder may be purchased from any radio supply store. The 
material needed is listed below. 


One power transformer with windings to produce voltages shown. 
Three 600 volt, 2 microfarad, paper condensers. 
Two 30 henry chokes. 50 Milliampere rating. 
One 82 tube and socket for same. 

One wooden case approximately 5x5x8. 

One bakelite cover for wooden case. 

One 500,000 ohm 1 watt fixed resistor. 

One 400,000 ohm 1 watt fixed resistor. 

One 250,000 ohm 1 watt variable resistor. 

One control knob for variable resistor. 

One instrument fuse base and clips. 

One instrument fuse, 2 amperes. 

Two tip plugs for leads (one red, one black) 
Two pin jacks (one red, one black) 


First experiment with parts to find the most suitable arrangement of the 
different items in the case. Small sketch (B) shows one method that has proved satis- 
factory. Tube base must be so placed as to permit replacement of defective tube 
without the removing other parts. All connections must be soldered. 


After the unit has been constructed, test the D.C. voltage output with a 
O-1 mil voltmeter. If the voltage is too high, use a lower resistance at X. 
À little experiment and adjustment will probably be necessary before the correct 
output voltage is obtained. The meter to be used in conjunction with this supply 
device must not require more than one milliampere to produce full scale deflec- 
tion. Higher current drain will result in lowering the output voltage of the 
power supply; this will introduce errors in the readings taken when the unit is 
being used for insulation resistance tests. 
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WATTMETER AND WATTHOURMETER DIAGRAMS 


INDICATING WATTMETER. 


CURRENT ELEMENT, POTENTIAL ELEMENT, 
LOW RESISTANCE.) ` HIGH RESISTANCE. 
қ | 


1 


_ FLEXIBLE ^ 
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MAY BE USED ON EITHER RESISTANCE 
A.C. OR D.C. CIRCUITS. TO LOAD 


D.C. INTEGRATING WATTMETER. 
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STANDARD Ling DIAGRAM SYMBOLS 
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| 24 E 
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Direct-Current Control Circuits 


EASE IN SHOOTING TROUBLE on d.c. controls depends 
largely on a clear understanding of the basic principles 
and circuits used. It is the purpose of these data sheets 
to give that information. 

In general, d.c. motors of less than 2-hp. rating can be 
started across the line, but with larger motors it is usu- 
ally necessary to put resistance in series with the arma- 
ture when it is connected to the line. This resistance, 
which reduces the initial starting current to a point 
where the motor can commutate successfully, is shorted 
out in steps as the motor comes up to speed and the 


countervoltage generated is sufficient to limit the cur- 
rent peaks to a suitable value. Accelerating contactors 
that short out successive steps of starting resistance may 
be controlled by countervoltage or by definite-time 
relays. 

For small motors used on auxiliary devices the coun- 
ter-c.m.f. starter is satisfactory. The definite time starter 
is more widely used, however, and has the advantage of 
being independent of load conditions. 

The following diagrams illustrate some of the circuits 
commonly used for d.c. motor control. 








Figure 1. Basic requirements of a non-reversing d.c. starter 
in its simplest form. 

When the start pushbutton is depressed line contactor M 
closes, energizing the motor armature through the starting 
resistance. As the motor comes up to speed the countervolt- 
age, and the voltage across motor armature and series field, 
increases. At a predetermined value the accelerating con- 
tactor A closes, shorting out the starting resistance. 





Figure 2. Typical, non-reversing constant-speed, definite- 


time starter. The accelerating contactor is equipped with 
a time-delay mechanism. This contactor, A, is oF the mag- 
netic-flux-decay type. It is spring-closed, equipped with two 
coils, and has a magnetic circuit that retains enough magne- 
tism to hold the contactor armature closed and the contact 
open indefinitely. Main coil Am has sufficient pull to pick 


up the armature and produce permanent magnetization. 
Neutralizing coil An is connected for polarity opposite to 
the main coil. It is not strong enough to affect the pick-u 
or holding ability of the main coil but, when the latter is 
deenergized, the neutralizing coil will buck the residual 
magnetism so that the contactor armature is released by 
the spring and the contacts close. By adjusting the poten- 
tiometer the voltage impressed on this coil and hence the 
time required for the contactor to drop out can be varied. 
AWhen the start button is depressed accelerating contactor 
coil Am is energized, causing contact A to open and auxili- 
ary contact Aa to close. Contact Aa energizes line con- 
tactor M, and normally open auxiliary contacts Ma establish 
a holding circuit. Neutralizing coil An is also energized. 
Opening of contact Ma deenergizes coil Am and contactor 
A starts timing. At the set time the main normally closed 
contacts on À close, shorting out the starting resistance and 
putting the motor across the linc. 





Figure 3. The same kind of a starter as in Figure 2 but ae- 
signed for use with a motor of larger horsepower. 

This starter provides two steps of definite-time starting. 
The operation is essentially the same as in Figure 2 but the 
first accelerating contactor, 1A, does not short. out all the 
starting resistance. It also starts 2A timing, which finally 
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shorts out the remaining resistance. The normally open 
auxiliary contacts on the accelerating contactors in Figures 
2 and 3 are arranged so that it is necessary for the accele- 
rators to pick up before the line contactor can be energized. 
This is a safety interlocking scheme that prevents starting 
the motor across the line, if thc accclerating contactors are 


not functioning properly. 
7 8 






Figure 4. One way of producing dynamic braking. 

Control circuits have been omitted, since they are a 
duplicate of those shown in Figures 2 and 3. Line con- 
tactor M has two poles, one normally open and the other 
normally closed. Both poles are equipped with an operat- 
ing coil and are on the same armature, which is hinged 
between the contacts. In starting, when line contactor M 
closes normally closed contact MA opens. When the stop 
button is depressed the line contactor drops out and con- 
tact MA closes. The motor, now acting as a generator, is 
connected to the braking resistor and coil MA is energized 
by the resultant voltage. It causes M to seal in tightly, es- 
tablishing good contact pressure and preventing this con- 
tact from bouncing open. 






— 


H Bka. Res 
На 


з 





Figure 5. In the more modern types of controllers a sep- 
arate spring-closed contactor is used for dynamic braking. 

Operation is similar to that described for Figure 2, except 
that the encrgizing of coil Am and the picking up of accel- 
erating contactor A, closing contact Aa, energizes dynamic 
braking contactor DB, which in turn energizes line con- 
tactor M through its auxiliary contact, DBa. This arrange- 
ment not only insures that the dynamic braking contactor is 
open, but also that it is open before the line contactor can 


close. In order to obtain accurate inching, such as is re- 
quired for most machine tool drives, the motor must 
respond instantly to the operation of the pushbutton. In 
the scheme shown in Figure 5 the closing of the line con- 
tactor is delayed until the accelerating contactor and the 
dynamic braking contactor pick up. 





Figure 6. Arrangement to secure quicker response of motor, 
for more accurate inching. 

Accelerating contactors 1A and 2A are energized in the 
off position. Hence, when the start button is depressed, the 
dynamic braking contactor picks up immediately and its 
auxiliary contact DBa picks up M line contactor. 


о М 





бег. ҒА. 


Figure 7. One method of connecting full field relay, used 
with adjustable-speed motors having a speed range in excess 
of 2 to 1. Coil FF is energized by the closing of the nor- 
mally open auxiliary contact Aa and remains closed until the 
last accelerating contactor drops out. Contacts of the full 
field relay, FF, are connected to short out the field rheostat 
thereby applying maximum field strength to the motor dur- 
ing the starting period. 
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Direct-Current Control Circuits 


— 
Start x 


Shunt Field 


Figure 8. Another method of applying the full-field relay. 

This arrangement insures full held on starting, and pro- 
vides for limiting the armature current when the motor is 
accelerating from the full-field speed to the speed set by the 
theostat. Field accelerating relay FA is equipped with two 
coils, one a voltage coil connected across ihe starting resist- 
ance, the other a current coil connected in series with the 
motor armature. See Figure 2 for the remainder of the 
circuit. When line contactor M closes the voltage drop 
across the starting resistor is practically line voltage, and 
relay FA is picked up quickly. When accelerating contactor 
A closes, voltage coil FAv is shorted, but closing of A pro- 
duces a second current peak, and current coil FAc holds 
relay FA closed. As motor approaches full-field speed this 
current decays and allows the FA contacts to open, weak- 
ening the motor field. When the motor attempts to ac- 
celerate the line current again increases. If it exceeds the 
pick-up value of coil FAc the relay will close its contacts, 
arresting acceleration and causing a decay of line current, 
which again causes FA to drop out. High inductance of the 
motor field, plus inertia of the motor and drive prevent 
rapid changes in speed. Hence the motor will not reduce its 
speed, but the increased field current will reduce the arma- 
ture current and cause FA to drop out. The fluttering 
action will continuc until the motor reaches the speed set 
by the rheostat. Sctting of the FA relay current coil deter- 
mines the maximum current draw during this part of the 
acceleration period. Since relay FA must handle the highly 
inductive field circuit, a good blowout arrangement is neces- 
sary. Hence the relay is usually equipped with a shunt 
blowout coil, FAbo. 


Figure 9. Connections of field loss relay, to prevent exces- 
sive speed if the shunt ficld is deenergized while voltage 
remains on the armaturc. 

It usually consists of a current relay in series with the 
motor shunt field and’is adjusted to pick up on full-field 
current and remain closed at any current within the oper- 
ating range of the motor field current. Contacts of relay-FL 





are connected in series with the overload rclay contacts so 
that the opening of its contacts will deenergize the control 
by opening the line contactor. This type of field loss pro- 
tection does not protect against the possibility of a short 


Ser: fld. 


circuit across a part of the field, say across the one field coil. 
This would cause the motor speed to rise considerably but 
the current in the field circuit would also rise. Conse- 
quently, the series current relay would not respond. 


Figure 10. Application of differential field loss protection. 

The differential field loss relay DFL is equipped with two 
voltage coils connected to buck each other. Each is con- 
nected across one-half of the field winding. Normally: the 
voltage across each coil is the same, hence the relay stays 
in the out position with its normally closed contacts closed. 
Shorting out-of one field coil or other failure causing an. un- 
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Direct-Current Control Circuits 


balance of these voltages causes the relay to 
pick up, opening its’ contacts and dropping 
out the line contactor, deenergizing the motor. 


D 


Figure 11. Onc form of reversing dynamic 
braking control, consisting of multi-pole con- 
tactors having two poles nonnally open and one 
pole normally closed. Accelerating contactors 
1A and 2A are energized in the off position, as 
in Figure 6. Depressing the forward button en- 
crgizes forward contactor F, closing the two 
normally opcn contacts F and opening the 
normally closed contact FA. Opening of nor- 
mally closcd auxiliary contact Fa starts the tim- 
ing cycle of the accelerating contactors. Closing 
of the normally open auxiliary contact Fa estab- 
lishes a holding circuit. When the stop or re- 
verse button is depressed contactor F drops out, 
closing normally closed contact FA and setting 
up a dynamic braking circuit through the brak- 
ing resistors, which energizes coils FA and RA. 
These coils hold the nonnally closed contact 
closed, and the normally open contacts open 
until the braking current drops to a low value: 
This action prevents bauncing of the back con- 
tacts and —— the motor, because if the 
reverse button were depressed during the brak- 
ing period contactor coil R would not have suf- 
ficient strength to overcome the pull of the RA 
coil until the motor had almost stopped. 


p 


Figure 12. Another form of reversing dynamic 
braking starter using a TE lo dynamic 
braking contactor and single-pole normally open 
directional contactors. When start button is de- 
pressed contactor IF is energized. Closing the 
monnally open auxiliary contact IFa energizes 
relay LV to establish a пош circuit and also 
energizes accelerating contact 1A; 1A contactor 
energizes 2A, and 2A energizes DB. In turn, 
DBa energizes 2F and normally closed contact 
2Fa starts the accelerating timing. 

Depressing the stop button drops out LV, 
closing DB immediately. Plugging is prevented 
by relay PR, a voltage relay connected across 
the motor armature. Its normally closed con- 
tacts remain open, preventing the pick up of the 
reverse directional contacts until the armature 
specd drops down to a safe value for plugging. 





” 
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STARTING AND CONTROLLING THE SPEED OF D. C. MOTORS 


Small D.C. motors (fractional H.P.) may be started across the line. The resist- 
ance of the armature winding is high in comparison to the resistance of larger 
armatures. Large armatures have low resistance because heavy wire is used to 
wind them. 


LINE 
! 


When starting a D. C. motor larger than fractional H. P. in size full line voltage 
should not be applied to the armature. А resistor should be connected in series 
with the armature to produce a voltage drop and apply a low voltage to the arma- 
ture during the starting period. The starting peroid is from 10 to 45 seconds. 


The starting current should be limited to 1-1/2 or 2 times full load current except 
when starting heavy torque leads which will require as much as 3 times full load 
current. After the motor attains normal speed the current through the armature 

can be determined by the formula; effective voltage divided by armature resist- 
ance: This value will be proportional to the mechanical load on the motor. 


The shunt field must be connected so it will receive full line voltage when 
starting. The field must be maximum strength to produce good starting torque 
and for the armature to quickly generate CEMF. 


FOUR POINT CONTROLLER 7 : 
Armature starting resistor 
Overload 
release sw. 
d 
Spring- 


No E 
release „4 
coil d 


Resistor 


Line switch 


The NO VOLTAGE RELEASE COIL allows the spring on the power arm to return the 
‘power arm to the "off" position if the voltage on the line drops to a low or 
zero value. 


OVERLOAD PROTECTION is provided by connecting an overload release coil in series 
with the load ¢ircuit. When the current reaches overload value the plunger will 
be drawn up and break the holding coil circuit. The spring on the power arm 
will return it to the off position. 
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STARTING AND CONTROLLING THE SPEED OF D.C. MOTORS (continued 


The speed of a D.C. motor varies in direct proportion to the voltage applied to 
the armature and in inverse proportion to the Strength of the field flux. 






When a motor is operating with the rated voltage applied to the armature and 
field (with or without load) it is operating normally and the speed obtained is 
called NORMAL SPEED. 










SPEED CONTROL BELOW NORMAL SPEED (armature control) 





The speed can be controlled below normal by connecting a regulating resistor in 
series with the armature. Тре speed will vary with the voltage applied to the 
armature. The torque will not be affected because connecting a resistor in 
series with the armature does not change the amount of current throught the arma- 
ture. This value will be constant if the mechanical load is constant. The Н.Р, 
Output will vary with the speed because the H.P. output is proportional to the 
Speed and torque. 










Armáture resistor 
FOUR POINT CONTROLLER 





Overload release switch 











No E release 
coil 






Overload 
release coil 










Resistor 


0000000 





SPEED CONTROL ABOVE NORMAL SPEED (field control) 









The speed can be controlled above normal on shunt and compound motors by con- 
necting a shunt field rheostat in series with the shunt field. Тһе Speed will 
vary inversely with the field strength.  Weakening the field will increase the 
speed because the armature must rotate faster to generate a sufficient amount 
of CEMF to limit the current through the armature in proportion to .the mechan- 
ical load on the motor. Decreasing the field strength will decrease the torque. 
The H.P. output will not be affected because the H.P. output is always propor- 
tional to the speed and torque. When the speed increases and the torque de- 
creases the product of the two will not change. 
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3 point starter for starting 
duty only. 


ARMATURE 
RESISTORS 


Power arm field releasd 
spring 


Draw a detailed diagram of the motor. 


3 POINT STARTER DIAGRAMS 





3 point starter for starting 
duty only. The overload re- 
lease coil protects the 
motor against overloads. 


Ovorload 
elease 
coil 





LINE 
| gd 


Connection diagram 





Connect as shown for 
compound motor. 

For shunt motor connect 
Ao to Lo, 


Show all parts such as 


field poles, brushes, armature, terminals and the position of 
the terminal board. Test the motor terminals with test lamp 
to identify them. Connect the motor to the starter as shown by 


the connection diagram. 
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Fig. 1—Diagram of shunt motor and starter, Fig. 2. Figs. 3 and 4— Symbols for coils. Figs. 4 and 5—Symbols for resistance. Fig. 6—Same 
es Fiq. 1, but current reversed in armeture circuits. Fig. 7—Wrong connection for reversing shunt motor, Fig. 8—Same as Fig. |, except 
current is reversed in shunt field coils, Fig. 9—Diagram of compound motor end starter, Fig. 10. Fig. I2—Reversing switch connected 
in armature circuit uf compound motor. Fig. 13—Reversing switch connected in ermeture circuit of shunt motor. Fig. 14—Series winding cut out 
of compound motor to test polarity of shunt-field coils. Fig. 15—Shunt winding cut out of compound motor to test polarity of series coils. 
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Î SCALE ADJ. SCREW 


_LEVER ARM с 
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COMPUTE H.P. OUTPUT AND EFFICIENCY. 
ALLOW А LB. FOR THE WEIGHT OF THE 
LEVER ARM WHEN COMPUTING H.P. OUTPUT. 


0 ров SS 


METER 
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DRUM CONTROLLER WITH 
OVERLOAD PANEL 


This diagram illustrates how an overload panel is used to 
protect tne motor against overload and "no voltage" conditions, 
by using contacts "Li" and "C" to complete the relay circuit 

when the controller is in tre "off" position, 





















5 






ALL CONNECTIONS 
BETWEEN TERMINAL 
BOARDS MUST ВЕ 
MADE WHEN WORMING 
THE JOB. 


OVERLOAD PANEL. 
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DRUM CONTROLLERS 
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CIRCULAR CONTACTING SHOES 
4 


SHAFT. INSULATION 
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STATIONARY COPPER CONTACTS 





Drum controllers are used extensively in the operation of D.C. motors where they 
must be started, stopped, reversed, and have their speed varied, as on street cars, 
electric trains, hoists, cranes, etc. 

The name is derived from their shape and the manner of mounting contacts ona 
round iron drum. The cylindrical arrangement of the contacts allows the drum to be 
rotated part of a revolution in either direction, and brings into connection one or 
more stationary contacts with the iron drum. The iron drum serves as a mechanical 
support for the shoes and forms a part of the conducting path. 

A drum controller, designed for reversing duty, is divided into two parts, com- 
pletely insulated from each other and from the shaft by fibre insulation. 

When the controller in Fig. 2 is in running position, current will flow from 
positive line to stationary contact "Ll" (Called "contact finger") and enter the 
iron drum at circular shoe #1, and then flows through the iron drum to shoe #2, 
which is connected "A2", completing the circuit through the armature. The return 
circuit for the armature is from "Al" to shoe #5, through iron drum to shoe #3, 
which is connected to "L2". 

Drum controllers are very rugged and will give excellent service with a minimum 
of maintenance. The contact fingers and bars may be replaced when burned or worn. 
Drum controllers may be equipped with auxiliary contacts that close when the drum is 
in the "OFF" position. These contacts are used to complete a dynamic brake circuit 
or to operate relays for overload protection. 


DRUM CONTROLLER & SERIES MOTORS. 
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STARTING, 
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DRUM CONTROLLER 
REGULATING & REVERSING DUTIES 


Moving contacts 


Blowout 
coils 


Forward ———» a... Reverse 
Armature starting resistor 


Trace the following circuits. 
Forward armature- 

Reverse armature- 

Field- 


Shunt field 
F1 Fo 
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DYNAMIC BRAKING 


RUNNING BRAKING 


de eE Fo of 


IN FIGURES 1,283 SWITCHES A &D ARE CLOSED AND B&C ARE OPEN 
WHEN RUNNING. SWITCHES B&C ARE CLOSED AND A&D OPEN WHEN BRAKING 





VARIABLE 
RESISTANCE 
FOR BRAKING 


D 
SCHEMATIC, DRAWINGS SHOWING DYNAMIC BRAKE CONNECTIONS FOR SERIES MOTORS 


A 8 
FIG. 2 DYNAMIC BRAKE FIG. 3 В 


— 
RESISTANCE FIELD BRAKING 


RESIS TANCE ARM. BRAKE 
RESISTANCE 
5 





The above diagram in Fig. 1 shows the connection used in dynamic 
braking, using a compound motor. Fig. 2 shows similar connections 
for a series motor, 

When the source of supply is shut off from a motor, the armature 
will continue to turn or coast because of its momentum. Any load 
connected to the motor will also continue to operate. In cases 
where motors must be stopped quickly, this momentum may be used to 
generate energy for dynamic braking. 

If the shunt field of the motor is excited during the coasting 
period, the motor will act as a generator and the armature will 
generate EMF until it stops. By connecting a suitable resistance 
in the armature circuit, as shown above, the generated armature EMF 
will cause the armature current and the armature poles to reverse. 
The reversed armature poles, reacting with the field poles, will 
now tend to reverse the armature rotation and this action will 
result in stopping the motor and load. 

This form of braking provides a quick, smooth, magnetic form of 
braking that has many advantages over mechanical methods. 
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DRUM CONTROLLER U 
DYNAMIC BRAKI 





COMMUTATING 


SHUNT FIELD 


90000000 


This diagram shows a compound motor controlled by a drum control- 
ler having auxiliary contacts for dynamic braking. 


Advantages of this type of braking are: no mechanical wear, less 
maintenance, economical, effective and, although powerful, will not 
damage the motor is properly applied. 


Caution must be used, when applying dynamic braking, to prevent 
an overload of current through the armature. This is accomplished 
by connecting a resistance in series with the armature braking cir- 
cuit, or by decreasing the field strength to lower the CEMF genera- 
ted. 


Dynamic braking is known as "regenerative braking," when the cur- 
rent generated by the CEMF is fed back into the power line, By lea- 
ving the armature connected to the line and over-exciting the field, 
the CEMF becomes greater than the line voltage. This means tnat the 
motor will now act as a generator and will help to carry the line 
load, This method is used on electric trains which run down long 
grades, In some systems, as much as 35% of the power used is gener- 
ated in this manner, 


Dynamic braking, or regenerative braking, is only effective when 
the armature is rotating. Therefore, where it is necessary to hold 
a load which tends to revolve after brought to a stop, some form of 
magnetic or mechanical brake must be used in conjunction with dynam- 
io braking. 


— — е T" 
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DRUM CONTROLLER 
STARTING, REGULATING, REVERSING AND DYNAMIC BRAKE DUTIES. 





Armature starting resistors 


Magnetic blowout 





Series field 


Tracé armature, field and dynamic brake circuits. 
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STARTING, REVERSING AND REGULATING DUTIES 


Field dynamic 
brake со aum 


Field 
resistance 


4а е 
Мм 
NN 


Trace the following 
circuits. 
Armature. 
Field. 
Dynamic brake. Interpole 
winding 


Shunt field 





D.C. Motor Starters and Controls 67 


| SOLENOID STARTER 


! ! ARMATURE STARTING ENTE 











FLEXIBLE 
CONNECTION 


SOLENOID 
STICK SWITCH 


ECONOMY 
RESISTANCE 


—* 
ECONOMY 
RESISTANCE SWITCH 


SOLENOID STARTING CIRCUIT 
SOLENOID STICK CIRCUIT 


ARMATURE CIRCUIT 


FIELD CIRCUIT 


MAGNETIC BLOWOUT COIL 


A magnetic blowout coil is for the purpose of providing a 
strong magnetic field to extinguish the arc drawn when the circuit 
is broken. It consists of a few turns of heavy wire wound on an iron 
core which has its poles placed on either side of the contacts where 
the circuit is broken. This arrangement provides a powerful magnetic 
field where the circuit is broken. 

The arc is a conductor and has a magnetic field set up around 
it. This field will be reacted upon by the flux of the blowout coil 
distorting the arc so that it is quickly broken or extinguished. 

This prevents the arc from burning the contacts. 

Magnetic blowout coils are connected in series with the line 

or in series with the contacts being protected 


Jos Sè 


ARC DISTORTED BY FLUX 
FLUX AROUND ARC 


тәж PRopuceD BY OO 


MAGNETIC BLOWOUT COIL 


IRON 
POE SHOE 


INSULATION 
ARC NOT OISTORTED 


COPPER CONTACTS COYNE 
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CARBON PILE STARTER 


(ALLEN - BRADLEY) 
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CONTACTS 






FLEXIBLE CONNECTION MAGNETIC BLOWOUT + -| 
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OVERLOAD RELEASE 
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STARTING 
RELAY 
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FLEXIBLE 
CONNECTION 










OVERLOAD 
RELEASE 
COIL 












OIL DASH 
POT 






In certain classes of work it is desirable to have very gradual appli- 
cation of the starting torque of the motor when the machine is first 
put in operation. To accomplish this, it is necessary to start the 
motor with extremely high resistance in the armature circuit, and 
limit the starting current to a very low value. 







For this purpose, carbon pile starters are made with resistance 
elements consisting of small carbon disks stacked in tubes of non- 
combustible material with an insulating lining. 






As long as these disks are left loose in the tube, the resistance 
through them is very high. If pressure is applied to these carbon 
disks, their combined resistance will be lowered because the greatest 
resistance is at the contacts between disks. Ав pressure increases, 
resistance decreases allowing more current to flow. 






This allows the motor to start very slowly, and its speed will gradual- 
ly increase until normal speed is attained. 
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Wiring Diacrams 


D. C. MAGNETIC RELAYS AND LINE VOLTAGE STARTERS CLASSES 7001, 7032 


Class 7001 Class 7032 


SEP. CONTROL 
CIRCUIT 


2-WIRE 
CONTROL 
DEVICE 


LOAD 


TYPE J-30 


сі 
(OMIT C2) 
c3 


А2 FLOAT SW., PRESSURE 
SW. OR OTHER 2-WIRE 


CONTROL DEVICE. 


SHUNT FIELD 


CLASS 7032 ТҮРЕ 65-2 
D.C. LINE VOLTAGE STARTER 


CONTROL 


DEVICE START 


oL c3 STOP c2 Lh Сі 
LOAD 


TYPE Ј-31 


* 
SHUNT DOUBLE WOUND 
FIELD соц 


NOTE: С А55 700! - ТҮРЕ 
K RELAYS ARE WIRED 

THE SAME AS CLASS 8501 
TYPE K. SEE CLASS 8501 


WIRING DIAGRAMS. ON GROUNDED SYSTEMS, L2 1$ GROUNDED LINE. 
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FRONT VIEW DIAGRAM WHEN AUTOMATIC RESET 
O.L.RELAY IS USED 
2 WIRE PILOT DEVISE 
SHOULD NOT BE USED 


FOR TWO WIRE 
CONTROL REMOVE 
FIN FROM LEVER. 






2 WIRE PILOT DEVICE 


Е 
WHEN RESISTOR IS NOT Pe —— ] 
CALLED FOR ОМ ЕМС. ОАТА 1 

CONNECT PER DOTTED LINE 


3 WIRE PILOT DEVICE 





3 Ф Фр a ч» аз о> ل‎ 
WHEN MORE THAN ONE 
PUSH BUTTON STATION 15 


USED CONNECT PER 
DOTTEO LINES OMITTING 
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IS NOT USED CONNECT 
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D. C. REVERSING LINE VOLTAGE STARTERS 


IF SERIES PELD 
15 МОТ USEO 
CONNECT AS 
PER DOTTED 
LINE 


STARTING 
RESIS. 


ы SHUNT FIELO рә 


тео Осн вез 


FOR. 


cs cs 


ое RUN cs ге 


za 


! 
— 
| Rev. 


ON GROUNDED SYSTEMS 
L2 15 GROUNDED LINE 


LINE DIAGRAM FOR CLASS 7735 D.C. TIME LIMIT 
ACCELERATION REVERSING STARTER WITH FOUR 


= POINTS OF ACCELERATION. 
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5 


TIELO RHEO. 


R 92 


Wiring DIAGRAMS 


(1855 7132 
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LINE DIAGRAM FOR CLASS 7736 D.C TIME LIMIT 
ACCELERATION REVERSING STARTER WITH THREE 


POINTS Of ACCELERATION. 
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Wiring DIAGRAMS 
CLASSES 7107, 7120 D. C. TIME LIMIT ACCELERATION STARTERS 


— — 
MER * 
LU мо E 
16 NOT уз! 
сомы! 
рот". 
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eo Line 


t 
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SERIES PLO 
UP usao) 
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CLASS 7107 OC. STANDARD DUTY TIME LIMIT CLASS 7120, ТҮРЕ ЕМ-2 O.C. STANDARDO DUTY 
ACCELERATION STARTER. TIME LIMIT ACCELERATION STARTER. 


con * Б 
зешаз 

PLO peto 
(моево) 


ON GROUNDED SYSTEMS 

КЕ ($ GROUNDED L'N& 
ON GROUNDED SYSTEMS 
LE I6 GROUNDED LINR 


LINE DIAGRAM FOR OC. CLASS 7135 HEAVY OVTY LINE DIAGRAM FOR OC. CLASS 7136 HEAVY DUTY 
TIME LIMIT ACCELERATION STARTER WITH POUR TIME LIMIT ACCELERATION STARTER WITH 
POINTS OF ACCELERATION. DYNAMIC BRAKING. 
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WHEN RESISTOR IS NOT WHEN RESISTOR IS NOT 
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MAGNETIC CONTROLLER 


ARMATURE 
STARTING 


ARMATURE RESISTANCE. 
RESISTANCE 


CUTOUT 
FIELD RELAY 
800 OHM REC 


STARTING _ 


RELAY 2 WIRE REMOTE CONTROL Sw. 


ADVANTAGES OF 3 WIRE 
REMOTE CONTROL OVER 2 WIRE. 
i> NO VOLTAGE PROTECTION. 
4%: £- MULTI PLACE CONTROL, 
The term "magnetic controller" is commonly used to &pply to control- 
lers on which the operation depends almost entirely on relays. Con- 
trollers of this type have a number of separate circuits, each operated 
by a relay switch. 
These controllers are used extensively on large industrial motors, 
steel mill motors, and elevator motors. They can be designed to give 
any desired operation. 
Example: Let us assume we start a 110E, 40I, 5 h.p. motor without a 
load. 
Starting current equals 14 x 401 ог 601. 
Armature starting resistance equals 1 ohm. 
Voltage drop across arm. starting res. equals 60I x 1R-60Ed. 
Voltage drop across section of res. marked "Y" equals 1/5 о? Еа 
across entire res. ог 20Ed. 
Therefore, the voltage applied to the armature resistance cut-out re- 
lay when starting, equals 110Е — 20Ed or 90 volts. This relay is ad- 
justed so that it will not close its switch until it receives approxi- 
mately full line voltage. The voltage across the relay increases as 
the current through "Y"--"X" decreases. Current flow will decrease to 
approximately 6I, because of C.E.M.F. built up in the motor as it in- 
creases in speed. This may be proven by the following figures: 
Total voltage drop across "YX" + "XY" after motor attains normal speed 
equals 6I x lRe6Ed. 
Now the voltage drop across "X" will be 1/5 of 6 or 2Ed, leaving 110 
minus 2 or 108E to operate the armature res. cut-out relay. This volt- 
age is high enough to operate the relay and close its switch, which 
cuts out or shunts the armature starting resistance. 
The field relay closes when starting to give fuil Strength field. 
When the armature res. cut-out relay closes, the field relay is shorted 
out of the circuit. This allows the speed to be controlled above nor- 
g the shunt field rheostat. 
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AMPLIDYNE GENERATORS. 


If a D.C. generator designed as shown and operated with 

a very weak field be driven at constant speed, the main 

brushes may be short circuited as indicated. This 

action results in relatively heavy currents in the arma- 

ture that in turn produce an intense armature cross 

field with the polarities shown and, if the poles are 

especially designed to provide a magnetic circuit of 

low reluctance to this cross field, a strong magnetic 

field will be developed in the air gap. The armature, 

rotating in this field, produces a relatively high 

voltage at right angles to the normal brush axis and 

if extra brushes are placed as shown, power almost SIGNAL FIELD 
equivalent to the normal rating of the machine may ) 
be obtained . 


As the operating point for the field magnetism is 

set on the steep part of the magnetization curve, 

a small variation in the magnetizing force produced 

by the field coils will produce a relatively great 
change in the short circuit current produced by the 
armature, and this in turn will greatly increase the 
generated output voltage. Therefore, if special con- 
trol coils be placed on the poles, and if these coils 
be fed from a low voltage or low power source, the 
variations which these coils produce may be caused 

to reappear in the output circuit in a greatly ampli- 
fied form. This is the principle of operation of the CROSS FIELD. 
Amplidyne Generator. 


The Amplidyne Generator may be regarded as a two 

stage electrical power amplifier, and its use is con- 

cerned with control situations in which small con- 

trolling impulses are employed to handle equipment 

that demands a large amount of power to operate it. 

The small control power is fed to the field coils 

where it effects a relatively high variation in 

field magnetism; this variation is amplified in the 

cross field and again in the output circuit. Am- 

plifications of 20,000 to 1 are common and 100,000 

to l are possible. Thus a variation of one watt 

in the input control circuit may produce a change 

in generator output of 20 kilowatts, a range im- 

practical for any electronic amplifier. The range SPLIT POLE DESIGN 
may be extended by the use of a preamplifier using SHOWING CROSS FIELD. 
ordinary radio tubes. 


Instead of the split-pole construction shown above, 
the arrangement indicated in fig. C shows the con- 
Structional features of a modern amplidyne unit. 
Although four poles are shown, adjacent groups are 
wound with the same polarity, and the machine is 
therefore a two pole unit. 


Figure D shows the construction of an Amplidyne 

unit using interpoles. Although several field wind- 
ings are employed in an actual machine, only the sig- 
nal winding is shown. The brushes M are the output 
brushes from which the amplified energy is obtained. 


SIGNAL FIELD WINDING. 
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A. C. LINE VOLTAGE MAGNETIC STARTERS — SINGLE PHASE 


JUMPER CONNECTIONS 
D ө с А 
еэ 


FOR 110 VOLTS 

в < А 
о 69 о 
FOR 220 VOLTS 


LINE DIAGRAM FOR SINGLE PHASE STARTER 
USED wiTH DUAL VOLTAOE MOTOR CONNECTED FOR 110 VOLTS 


TYPE R-6c 


WIRING DIAGRAMS FOR SIZE О, 
SINGLE PHASE STARTERS USED WITH 
A SINGLE VOLTAGE MOTOR. SEE 
RIGHT HAND COLUMN FOR COIL 
JUMPER POSITIONS AND CONNECTIONS 
FOR DUAL VOLTAGE MOTORS. 





ТУРЕ $-14A 


ТҮРЕ 5-14С 


WIRING DIAGRAMS FOR SIZE I. 
SINGLE PHASE STARTERS USED WITH 
A SINGLE VOLTAGE MOTOR. SEE 
RIGHT HAND COLUMN FOR COIL 
JUMPER POSITIONS AND CONNECTIONS 
FOR DUAL VOLTAGE MOTORS, 
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Wiring Diagrams 





AUTO- OFF -NAND 
SELECTOR SwiTcH 


CLASS 8536 


AUTOMATIC 
#- "ЖЕ 
CONTROL P&viCE 


LINE DIAGRAM FOR SINGLE PHASE STARTER WITH SELECTOR SWITCN 
USED WITH DUAL VOLTAGE MOTOR CONNECTED FOR 220 VOLTS 


TYPE 3-16С 


WIRING DIAGRAMS FOR SIZE 1%, 
SINGLE PHASE STARTERS USED WITH 
A SINGLE VOLTAGE MOTOR, SEE 
RIGHT HANO COLUMN FOR COIL 
JUMPER POSITIONS AND CONNECTIONS 
FOR DUAL VOLTAGE MOTORS. 





WIRING DIAGRAM FOR SING:E PHASE 
STARTER USED WITH DUAL VOLTAGE 
MOTOR CONNECTED POR НО VOLTS. 


WIRING DIAGRAM FOR SINGLE PHASE 
STARTER USED WITH DUAL VOLTAGE 
MOTOR CONNECTED FOR 820 VOLTS. 


JUMPER CONNECTIONS FOR SIZES 
0,1. АМР 1% SINGLE PHASE STARTERS 
» 5 € ^ Ld вс А 

е» o CD ° 


FOR 110 VOLTS POR 820 VOLTS 


WIRING DIAGRAM POR SIZE BORE THREE 
POLE STARTER USED OM SINGLE PHASE 
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4 WIRE fH POWER & LIGHTING DISTRIBUTION SYSTEM 
| 


127 
220 


4 ве 
/ 4 40S. 
di 
c е. 
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ы 


ALL PANELS AND CONDUIT ARE GROUNDED 


General Procedure When Test 


With 3 ph. power at a, check forward thru b, c, d, and e. 
If 3 ph. power is not shown at a, check backward thru 


NEUTIRAL BVS GROUNDED MAIN DISTRIBUTION b1, C1, d1, el, fl, E1, hl, il, and jj. 


LIU. 
WATER PIPE 


IPH. FEEDER 
TO LIGHTING 
1PH. FEEDER LOAD 


LIGHTING SUB-DISTRIBUTION PANEL AUTOMATIC COMPENSATOR 
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A.C. Polyphase Motors 


HOW THE NEUTRALIZER QUENCHES A FAULT 


Transformer 


Fig. 2. Ground-fault currents, iso- 
lated-neutral system 


Transformer 


Fig. 3. Ground-fault currents, sol- 
idly grounded neutral system 


Transformer 


Fig. 4. Ground-fault currents, with 
neutralizer 


@ When the System Neutral Is Isolated, the 
current in a line-to-ground fault consists solely of 
charging current through the line-to-ground capac- 
itances of the other two line conductors (Fig. 2). 
However, operating experience shows that such 
disturbances frequently result in transient over- 
voltages sufficient to cause a second flashover on 
one of the unfaulted phases, thus causing a short 
circuit and an interruption to service. Relaying is 
difficult because the second fault usually occurs at a 
point remote from the first —frequently in ter- 
minal apparatus —necessitating expensive repairs. 


@ When the System Neutral Is Solidly 
Grounded, a line-to-ground fault short-circuits 
the faulted phase, cansing current to flow through 
the fau ., as shown in. Fig. 3. This short-circuit 
current, I, is lagging, aud is usually so much 
greater than the charging current of the unfaulted 
lines (I; and I,) that the effect of the latter is 
negligible. The fault persists until the circuit- 
breaker is tripped. This means a service interruption. 





Ground-fault 
neutralizer In 


— Ip 








@ When the System Neutral Is Grounded 
through a Ground-fault Neutralizer, transitory 
arcs to ground are extinguished without an outage, 
without even a momentary interruption of service, 
and without the aid of any moving parts. The line- 
to-ground fault causes line-to-neutral voltage to be 
impressed across the neutralizer. which then passes 
an inductive current, In, 180 degrees out of phase 
and approximately equal in magnitude to the 
resultant of the system-charging currents from 
the two unfaulted phases, Ip and I. (Fig. 34). 


These inductive and capacitive currents neutralize 
each other, and the only remaining current in the 
fault is due, mainly, to corona, insulator leakage, 
ete. This current is relatively small, and, as it is in 
phase with the line-to-neutral voltage, the current 
and voltage reach a zero value simultaneously, 
hence, the arc is extinguished without restriking. In 
this way, flashovers are quenched without remov- 
ing the faulted line section from service. 
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A.C. Polyphase Motors 


Squirrel-Cage Motors 


80 





FIG. 6 


FIG. 5 


FIG. 4 





FIG. 9 


FIG. 8 


FIG. 7 


5 windings are connected to a 


Fig. 9—Direction of current generated in a rotor winding shown by dots and crosses on the rotor bars 


Figs. 4 to 8—How the magnetic field in an induction-motor stator can be made to rotate when it 
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«phase circuit. 
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quirrel-cage rotor of an induction 


—s 
or current curves 
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Fig. 


induction motor. 


Stator of an 


Fig. 
motor. 


Fig. 3—Two-phase voltage 
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Fig. 10—Skeleton stator frame. Fig. 
1]1—Riveted stator frame. Fig. 12—4, 
stator open slots; B, semiclosed slots. 
Fig. 13—Section of cast, interconnected 
double-squirrel-cage winding. Fig. 14— 
ы of simple double-squirrel-cage ы 
winding. Fig. 15—Squirrel-cage windin eke 3 

formed from a copper plate. Fig. 16 Аа 
Joint between rotor bar and end ring 3 








А” 








Rotor Core 





; _-Bar 
Fig. 15 ма 2 ¿nd ring 
| Dw — Lock washer 
TES d Peale ese Fig. 16 














Stator 
winding 








" M 
4 
Line 
cen actor К 


——4 
FIG. 


Yl Contactor 


ий 
{dıne * 
contactor 


T.. 2 
7 Resistor or 
reactor 


7 ےه 


Fig. 1—Diagram of star-connected sta- 
tor windings. Fig. 2—Stator windings 
connected delta. Fig. 3—Connections 
for starting with resistors or reactors in 
series with stator windings of a 3-phase 
motor. Fig. 4—Two auto-transformers 
counected to start a 3-phase motor. Fig. 
5—Connections for one direction of rota- 
tion and Fig. 6, opposite direction of ro- 
tation of a 3-wire, 2-phase motor. Figs. 
7 and 8—Connections for opposite diree- 
tions of rotation of a 3-phase motor 


82 A.C. Polyphase Motors 


ROTATING MAGNETIC FIELD. 


NOTE; FLEMINGS RULE IS APPLIED TO, MOTION OF THE CONOUCTOR. 
FLUX MOVING UP 15 EQUIVALENT TO CONDUCTOR MOVING DOWN. 


If a permanent magnet of the type shown above rotated about a squirrel cage 

rotor, the flux of the magnet will cut across the squirrel rotor bars and induce 
voltage in them. The direction of these voltages at any instant may be determined 
by Fleming's Right Hand Rule. Application of this rule to the diagram above shows 
that currents will be flowing toward the observer under the North pole, and away 
from the observer under the South pole. 


Viewed from above, current is circulating counter-clockwise around the rotor there- 
by establishing a North pole at the top and a South pole at the bottom. As the 
magnetic field is rotated, the rotor poles move at the same speed and in the same 
direction and maintain the same relative position; that is, midway between the 


etn tore poles. Diagrams A B C D show the relative posi- 


tion of the rotor and stator poles for 
four different points in one revolution. 


In A there exists at the instant shown 

the same condition described above. In 
this case however, the rotating magnetic 
field is produced by a different method. 


In B the revolving field has moved through( — у 
one-quarter revolution. Note the change 

in current distribution in the rotor bars 

and the movement of the rotor poles. Dia- 

grams C and D show the condition at later 

points in the revolution. Reversal of 

current in rotor bars causes rotor poles 

to revolve 


Although the diagrams show the current 
in the rotor bars changing direction in 
groups, the rotor bar currents actually 
reverse one at a time as the stator flux 
sweeps by. This produces a smooth pro- 
gression of the poles around the rotor. 
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POSITION INDICATORS. 


Position indicators are employed to transmit 
motion by electrical means between points Sender. 
which cannot be readily connected mechani- : 







cally. In Figure A rotation of the arm on 
the sender rheostat varies the current 
through the receiver which is used as a. re- 
ceiver. When properly calibrated, the meter 
needle motion will be proportional to the 
motion at the sender. Thus the amount of 
gasoline in the tank may be indicated on the 
instrument panel of a car. 


/Teceier. 


Figure B shows a similar arrangement except 
that clockwise rotation of the sender in- 
creases the voltage applied to the receiver 
and the deflection is in proportion to it. 


Diagram C shows a bridge type circuit in 
which the meter needle is returned to zero 
by manipulating a rheostat at the receiving 
end. When balanced, both rheostat arms are 
in identical positions. 


There are many other circuit arrangements 

but the basic operating principle is the 
same. The electrical method is particularly 
suited to most applications because the units 
may be any distance apart, and several re- 
ceivers may be attached to one sender. 


Pecewer 





-—60- //0£. 
SELSYN UNITS. 





If two small motors of the type shown above are connected together and the rotors 
are energized from a single phase A.C. source, the varying flux produced by the 
rotors will induce voltages in the stator windings. If the rotors are in identical 
positions, the induced stator voltages will be in direct opposition and no current 
will flow in the leads connecting the stators together. Should one rotor be moved, 
this voltage balance is disturbed and current will flow through the other stator 
winding in such a direction as to cause its rotor to move to a corresponding posi- 
tion. This self synchronizing action which is characteristic of many types of 

A.C. motors is utilized in the Selsyn position indicator. 


With the indicators arranged as shown, movement of the sender rotor is duplicated 
by the receiver and, whether the senderis rotated through a small angle or several 
revolutions, the receiver follows the motion exactly. Where several indications 
are required, several receivers may be attached to the same sender. In this way 
motion of the sender may be reproduced at any number of remote points. 
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MOTORS - POLYPHASE - SQUIRREL CAGE 
3 PHASE SINGLE SPEED 


КО. 1 STAR-Y-CONNECTION NO. 2 DELTA-CONNECTION NO. 3 STAR-DELTA CONNECTION 





NO. 4 STAR START NO. 5 | DELTA CONNECTION 
DELTA RUN 2 STAR CONNECTION 





3 PHASE 2 SPEED 
NO. 6 TWO SPEED TWO WINDING wo.7 Two SPEED SINGLE WINDING NO.8 TWO SPEED SINGLE WINDING 






























, LOW Wicu | CONSTANT TORQUE or VARIABLE TORQUE CONSTANT HORSEPOWER 
999199 з 
9 99 ООВ а ыт 
ООО тате reer] [o [rns rriv оон 





2 PHASE SINGLE SPEED 
NO. 9 DUAL VOLTAGE 





2 PHASE TWO SPEED 
NO. 10 TWO SPEED TWO WINDING NO.II TWO SPEED ONE WINDING VARIABLE TORQUE 


(1) (5) @ (4) $peed|L1 L2 Li | L2 
A A B |B open 
Е |2 JL 1| [L2 
[we [rors] rafie rora] | 


U.S. ELECTRICAL MOTORS Inc. 





OOOO 
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MOTORS - POLYPHASE - SQUIRREL CAGE 





TERMINAL MARKING & CONNECTIONS 
A.C. MULTI-SPEED MOTORS 


3 SPEED - 3 PHASE - 2 WINDING 


Jerrunal Желе. 


3 peed IWG. Variable Torgee 


Ser ¥ 
r F conse. Же 
“:-2х ЯҒ 


The Louis ғ Фо. 


Miley gott | Mis. 


Terminal Markings. 
з бреет ГИР. Constant 7о/у4е- 


The lows Allis Co. 


плена И =, Wis. 
47 /-92-э4 


Terminal Аат. 
3 speed DHA Constant porse 


ови 


ecce edu 
—— — 


л y Conseg. Pole 


The Low's Allis Co. 
Milwauthe 923: 


496-99 


4/7 


NEMA Sta. 


€omb. 7o 


EIA4lill 
*iv*2 


ту 


了 


S»tzo 93 


Та 
NEMA STD. 


CON p.94 





Jermrinal Martin 
3 Speed 2 Wag — fergue. 


Speed . ки пуер. Z Fole 
ег-гхЖЯм”Р 
. w3— Sec Р 


The Low's Als Zo. 


/ тӛ. 
поо 4: d 7$ 


Terminal Moartings 
3 Speed 2 Wag. Constant Torque 


Se eem v/- XK Bra Conseg Fole 
2- 2xery 
"сод. Fery r 


The Lows Aths Co. 
жүрі ѓи, 


ASOS 


TERMINAL MARKINGS 
3 SPEED -Z W'DG.-CONSTANT Bonet 


trow mn] - Ки | 
s2 [tel Toler тат, | _- | 
езнен [Tu] TaT] = | - | 


Роке млею |, Ы | | 
LRevense |LalLltl | | 
SpggD4%1~Zw PAR Y  Cowsté.Poue 
~ 2- «ФААД - = 

* *5- Sem Y 
THE LOUIS ALLIS CO. 


IMICUWAUKEE-WwIS. 
9-5-30 #520 


THE LOUIS ALLIS CO., MILWAUKEE, WIS. 
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MOTORS - SINGLE-PHASE - CAPACITOR 


y~ Condenser Box 


Start |Run 
J— 110/220 Volt Capacitor Start & Run 


Motor-Condenser Box Mounted on Frame 


— ЊЕ | tj | 


To Reverse Rotation 110 Volts 220 Volts 
Interchange Leads #5 & 8 


Janette Mfg.Co. 
Feb.1,1944 - R.C.W. Chicago,I11. 


y7 Condenser Box 


110/220 Volt Capacitor Start & Run 
Motor-Condensor Box Mounted on Frame 


Cutout 
Switch 


To Reverse Rotation 110 Volts 220 Volts 
Interchange Leads #5 & 8 


JANETTE MFG. CO. 
Chicago, Ill. 
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MOTORS - SINGLE-PHASE - CAPACITOR 


CONDENSER 
— 


220 VOLT CAPACITOR START INDUCTION MOTOR 


я 
CUTOUT 


JANETTE MFG. CO. 
TO REVERSE ROTATION INTERCHANGE р 
LEADS #5 & #8 CHICAGO, ILL., 


To Reverse Rotation Interchange 
Leads #5 & #8 Janette Mfg.Co. 
Chicago, Ill. 





1% 
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MOTORS - SINGLE-PHASE - CAPACITOR 


— [4557722083 


M REDE 1.2472 7772 20 А2? 


FIRST CALLED FOR ON 52e 7d 749 97.534 





















Q — 
© в 








COW ROTATION AS SH on/N 
FOR OW ROTATION INTER- 
CWANGE LEADS 75 EO) Е. 
% BLACK ON FETAL BOARD. 






V-5E7205.3 


ae 
PART 

7 — 
Lies. aA Dopo 


FIRST CALLED FOR ON SX 7349357 






COW ROTATION AS SNOW; KOE OW. 
ROTATION INTERCHANGE RED ANC 
KACK LEAOS ON PNE FE В ак 





ҒҒ-68 шт іріз-27 
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MOTORS - SINGLE-PHASE - CAPACITOR 


Que ENGINEERING INFORMATION 


CAPACITOR START INDUCTION MOTORS 
TYPES CSH « CSX; - 110/220 VOLTS; REVERSIBLE 


Location of | * Frame Internal Connection Diagrams Label (Attached To 
Terminals (Counter Clockwise Rotation) Cover Over Terminals) 


WITHOUT OVERLOAD PROTECTION 









Ставни - с 






636, 656, 
67G, 65L, 
67L 


In Front 
Bracket 





In Frame 






EL 


4 
LOW (BAJO) HIGH (ALTO) 
VOLTAGE C!6382 VOLTAGE 

REVERSE ROTATION IM FRONT ENO ORACKEN, 
CAPACITOR TYPE INTERCHANGE LEADS ? ANO a, 
REPULSION TYPE SHIFTY BRUSH мо ОСА. 


CENTURY ELECTRIC CO. 
3T. LOUIS, MO. 1135 











636, 656, 
67б, 65L 
67L 


In Front 
Bracket 







Low (Bos ем дата 
VOLTAGE cm CUT Adi. 
Мә 












In Frame 






| Э Baso 2 o 

Low HIGH (ALT: 
—— — VOL 

ACVERSE ROTATION (MN FRONT END BRACKEN 

CAPACITOR TYPE INTERCHANGE LEADS 7 AND 9, 

ОСРА SION TYPE „агт BAUS HOLDER, 

NN OTOR i V380 OM CAOUIBID CIRE T, 

LEAO | MUST ва CONNECTED TO THE L S10, 


CENTURY ELECTRIC CO |136 






LOW VOLTAGE 








А.С. Polyphase Motors 91 
PRINCIPLES OF CONSEQUENT POLE WINDINGS FOR 3 PHASE INDUCTION MOTORS. 


Slots = 24, Poles = 4, Fractional Pitch Coil Span = 1 to 5. 

"A" Phase only of a 3 phase winding illustrating common method of short jumpers. 
(Top to Top, Bottom to Bottom) Trace the circuit and mark the polarities in the 
proper position. This type of jumper connection is not suitable for consequent 
pole windings. 


F 
5 


"A" Phase only of 3 phase winding illustration long jumper method of connection. 
(Top to Bottom, Bottom to Top) Trace the circuit for 4 poles disregarding the 
center tap, and mark the polarities in the proper position. Note that the poles 
are established in the same position as for the common method of connection. 


5 


Same connection as shown above. Trace the circuit from the center tap. This 
places the 2 sections of the phase winding in parallel, reversing the current in 
1/2 of the coil groups, producing 4 regular & 4 consequent poles. Note that phase 
rotation is reversed and it will be necessary to reverse 2 leads on this connec- 
tion to obtain the same rotor rotation. 





92 A.C. Polyphase Motors 
SIMPLE DIAGRAM, 4-8 POLE, 3 PHASE CONSEQUENT POLE STATOR WINDING. 


VARIABLE TORQUE, CONSTANT HORSEPOWER. 
$ PHASE, LAP WINDING, SLOTS - 24. 
POLES = 4-8, COILS PER GROUP = 2. 
FRACTIONAL PITCH COIL SPAN = 1 TO 5. 
COIL PITCH = 66.6% OF FULL PITCH. 
ELECTRICAL DEGREES PER SLOT. = 30-60. 


A © BA C BH AM C B A t 8 


N 
N к ` ` NS “ N N N 
N 


4 
Ы et cd eM 
е 


` 


二 
— E E 
“=== 


SERIES STAR 
4 POLES 
Ti, Te, Tg TO LINE T4, T5, Tg TO LINE 


T4, T5, Te OPEN Ti, To, Tg SHORTED 
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COMPARISON OF LAP AND WAVE WINDINGS. 


N Ка X E ы. 4 \ 
p? s NN na MS | 
v \ 5” / % X қ 
— \ 
d LLLA E E Ls LE E Ls» ud Li ы 
IN “ЖҰ “М Fi 
^ / у di " — 
д 4 Ж 2 27 Г, 
г х y x go y 
77 S PIN. 7 7 
< Е 


A LAP WINDING is one in which the coils of each pole phase group are connected 
directly in series with each other or forward and back on itself. Lap windings 
are generally used on A.C. machines because they are more readily adaptable to 
stators with various numbers of slots. 


A WAVE WINDING is one in which correspondingly placed coils under adjacent poles 
are connected in series so that the circuit proceeds from pole to pole one or 

more times around the stator core, and not forward and back upon itself as on a 
lap winding. On a wave winding, the circuit re-enters the first coil group after 
it has passed thru at least one other coil group of the winding. The total number 
of these circuits must be a multiple of the number of phages and is ordinarily two 
times the number of phases. Wave windings in large machines are always of strap 
or bar copper coils with two layers. Principal use is for wound rotors of large 
slip ring motors because such windings have greater mechanical strength at end 
connections when made of bar or strap copper. WAVE WINDINGS in stators of induc- 
tion motors must be electrically balanced, ie., each phase must contain the same 
number of coils or turns. The number of active slots in each phase and section 
must Бе а multiple of poles times phases. For 4 pole, 3-phase, slots would have 
to be 12~24-36-48-60-72, etc. 





94 A.C. Polyphase Motors 
THREE PHASE WAVE WINDING. 
PHASES CONNECTED STAR. 


THREE PHASE, WAVE WINDING. 


SLOTS = 24, POLES = 4. 


FULL PITCH COIL SPAN = 1:7. 
COILS PER POLE PHASE GROUP = 2. 
ELECTRICAL DEGREES PER SLOT = 50. 
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CONNECTIONS FOR TWO VOLTAGE MOTORS. 


2 CIRCUIT STAR 
2208. 401. 






















NUMBERING 





































CONNECT oc. 201. 4 CONNECT 
RN Ta TO име SONS STARS Ti To LINE 4 
GL., ANO LOUIS T9 та” аа т " и 2 
ALLIS. T6 т" . 3 ту 7 “. 3 
SUGGESTED 3 74-771 TOGETHER Ti-T7 TOGETHER 
STANDARO TS -Te " T2-T6 " 


SYSTEM 


76-79 "n T$-T9 ^ 


74-15-76 " 




















































NÜRBERING CONNECT Sonnecr Z CIRCUIT 
SYSTEM Ust» 6Y s TUNE E ub [SUME p STAR 
WESTINGHOUSE ANC те — 和 
Te 
ALLIS CHALMERS. TA-T7 TOGLTMER Ti-T4 TOGETHER 
TS -Te " та-т5 n 
тетә ч 13-16 |“ 





77-Т6-Т9" 













CONNECT 71-76-77 TO LINE 1 
ч Ti-T4-T& " “а 
T$-TS-9 « “3 
















SERIES DELTA 










NUMBERING SYSTEM ті 
USED ON DELTA CONNECTED 
MOTORS OY ALL 
MANUFACTURERS 









CONNECT 
ті YO LINE 1 
ye? w 72 


тз " " 5 
T4 ‘TT TOGETHER 
Ts-T6 е 
76-179 " 


т? T4 
Té TT 








15 НӨМЕР 
POR TWO 





Oonnections for applying D.O. 
when testing an A.C. winding 
with a compass, If the winding 






































А 1-4 TO LINE 1s properly connected, the oom- 
оО На авон |ttot [1-5 Tetra } le Masa. | pass will reverse on each pole 
5 PA EAS “ ЛД phase group and indicate three 

SINGLE PHASE SINGLE PHASE 





times as many poles as the ma- 
ohine actually has. 











LEADS ON A 
AU 4 pore stator. 4/4 
2 ЗРИ. : 






REOMAW “A 8 ANS^C" AND PRACTICE CONNECTING THEM FOR ALL ABOVE CONNECTIONS, 
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STAR_OR Y @) ti 
CONNECTED 
ENGINEERING INFORMATION 


POLYFHASE INDUCTION MOTORS 


Е ОК 








Three Phase motors may be either Star or Delta connected and no general rule can be set down for use 
of either connection. Individual ratings must be checked by the general office. 


Our standard method of marking leads and the schemetic representation of circuit# is as 
follows: Ti 


DUAL VOLTAGEs* (110/220, 190/380, 220/440 etc.) 
A а AME 1 
Consider T, and Tg (Fig. i) as the end of one circuitKand T; and 
the center of the star as the ends of the other circuit, in one phase. Do 
the same for each of the other two phases. To connect the stator winding 
for the higher voltage, the circuits in each phase are connected in series; 
therefore, connect Tq to T7, T5 to Tg, and Tg to To. Line connectiens will 
be made to T}, To, end 13 fig. 2 and 5 show these connections, 


; 
ot 








To connect the stator windings for the lower voltage, the 16 4 15 
circuits in each phase are connected in parailel. therefore connect T, to M d Ши 
Ту, Тә to Tg, and T4 to Tg. T4, T5 and Tg are connected together to form e 


a point, thereby forming a second star in parallel with the stár whose ends FIG. 1 
аге Ту, Tg, and To. Line connections, as before, will be made to Tj, T2 All terminal lugs are 
and T3. Fig. 3 and 6 show these connections. stamped in‘ accordance 


with this diagram, 


These motors have permanent connection plai- near terminal box. 


SINGLE VOLTAGE:*(199.208,220.440,550.2200 etc.) 


Only leads T4, T2 anà 14 are brought out as shown in fig. 4 and 7 (Single voltage motors 
us2ally have single section windings rather than the double section winding shown in Fig, 1) 


L L L 3 | 


Conaections are indicated on lubrication tags sent with motor. 








FIG. 2 FIG. 3 FIG. 4 
High Voltage Low Voltage Single Voltage 


DUAL VOLTAGE CONNECTIONS (Similar to B6671 & B7203) 
All Form A 204 and smaller; Form W, 224 to 326; Form T 204 and larger. (T superseded by ж) 





Шолар а 








FIG. 5 FIG. 6 FIG. 7 
High Voltage Low Voltage Single Voltage 


DJAL VOLTAGE CONNECTIONS (Similar to B4270 & B4271) 


All Form S motors. Form T motors 444 and larger. 
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ЕМС | vef | e I NFORMAT ION 


FOLYPHASE INDUCTION MOTORS 


TYPES SC, SCN, SCH, SCT, SCX, AS, SR - 2 PHASE 


Our standard method of marking leads, and the schemetic representation of circuitsKis as 


г TWO PHASE FOUR WIRE ті 
DUAL VOLTAGE*(110/220, 220/440 +o») 


Consider Tj &га Тб (218.15) as the ends of one circuit Ќ, and 
T7 and T3 as the ends of the circuits in the second phase. To connect T5 
the stator windings for the higher voltage, the circuits in each phase T 
are connected in series; therefore, connect T5 to 17, and T6 to T8 ТОР В To 0408901 07-2 
Line connections will be made to T1, T2, T3 and T4. FIGS. 16 and 19 т 
show these connections. 7 








To connect the stator windings for the lower voltage, the 
cirouits in each phase are connected in parallel; erefore, connect 


T to T7, TS to T3, T2 to Tg , and T6 to T4. Line connection, as before, T3 
will be made to Tj, T2, T3 and T4. Figs 17.and 20 show these connections. FIG. 15 
These motors have permanent connection plate near terminal box. All terminal lugs are 
stamped in accordance witk 
SINGLE VOLTAGE * (199, 208, 220, 440, 550, 2200 etc.) this diagram. 


Only leads 4 , T2 and T3 are brought out as shown in Fig. 18 and 7 (Single voltage motors 
usually have single section windings rather than the double section winding shown in Fig. 15) 


Connections are indicated on lubrication tags sent with motor 





FIG. 16 FIG. 17 FIG. 18 
Hign Voltage Low Voltage Single Voltage 


DUAL VOLTAGE CONNECTIONS (Similar to B6672 & B7204) 
All Form A 204 and smaller; Form W, 224 to 326; Form T 204 and larger (T superseded W) 





FIG. 19 FIG. 20 FIG. 21 
Hign Voltage Low Voltage Single Voltage 
DUAL VOLTAGE CONNECTIONS (Similar to B4269 & B4272) 
All Form S motors. Fona T motors 444 and larger. 





TWO PHASE THREE WIRE 


For connection to a three wire systein, connect motor leads T3 and To, together. Line 
connections will then be made to T1, T3.2 , and 74; the common (or return wire) being connected 
to T3.2. 





Ж — The terms "circuit" as here used refers to one-half of the number of poles in one phase. 
* - See price sheet for standard voltage and horsepower of individual ratings. 


Sec. 53,F,RD 
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A.C. Single-phase Motors 


@ 


ENGINEERING INFORMATION 


CONNECTION PLATES MULTI-SPEBD SQUIRREL CAGE MOTORS 
2 SPEED 1 AND 2 WINDINGS 


3 PHASE 





STAMPING OF AUXILLARY NAME PLATE 2 SPEED 1 WINDING 3 PHASE 


LOW SPEED HIGH SPEED 


n ? p ly 
ppc 


LCW SPEED HIGH SPEED 


| i v | ==] 


16 T4 Ts 
2 Speed 1 Wirding VAR. 1ORQUE 
SIMILAR TO B4494 SIMILAR TO B4494 


2 Spe: d 1 Winding CON. TORQUE 





LOW SPEED HIGH SPEED 
aer о 


Е 


2 Speed ? Winding CONS]. HP 





SIMILAR TO 617131 





AUXILIARY МАМЕ РІА ТЕ 2 SPEED 2 WINDING 3 PHASE 


LOW SPEED HIGH SPEED 


Ly La Li le b} 
4 > |» le SIMILAR TO B4248 
1 T2 


me 
т» 1 


2 SPEED 2 WINDING MOTOR 
| | товал | | Yur 
9 PHASE сы жю Г] 





THESE DIAGRAMS ARE REPRODUCTIONS OF PLATES ATTACHED TO MOTORS WHEN THEY LEAVE THE FACTORY. 


A.C. Single-phase Motors 


үг ы 


ENGINEERING INFORMATION 
CONNECTION PLATES MULTI-SPEED SQUIRREL C AGE MOTORS 
3 SPEED - 2 WINDING - CONSTANT HP 


99 


3 PHASE 





AUXILIARY NAME PLATE 3 SPEED 2 WINDING CONSTANT HORSEPOWER 


2-4-6; 4-8-12; 6-12-16 POLE 





CENTURY ELECTRIC COMPANY 
ST. LOUIS, MO. 





LOW SPEED MED SPEED HIGH SPEED 
2 13 үр үз 
he 3 е “ є 0 
ӨЗДЕ Т16 
2 |412 Na қ © 9 
" ° a . а 
з Тз hy tis 
CONSTANT HP 3 PHASE зил юм XA 





SIMILAR TO C17132 





AUXILIARY NAME PLATE 3 SE ED 2 WINDING CONSTANT HORSEPOWER 
4-б-8; 6-8-12; 8-12-16 POLE 


CENTURY ELECTRIC COMPANY 


ST. LOUIS, М. 
LOW SPEED MED. SPEED HIGH SHE ED 


e * Ly S Ty > 
Te 7 ) 

2 4 "12 i S 

TT T. 15 0,4 9 * * è @ 


CONSTANT HP 3 PHASE SERIAL NO. —— — 





SIMILAR TO C17134 





AUXILIARY NAME PLATE 3 SPEED 2 WINDING CONSTANT HORSEPOWER 
4-6-12; 6-8-16 POLE 


CENTURY ELECTRIC COMPANY 

ST. LOUIS, MO. 
LOW SPEED MED. SFE HIGH SH ID 
mob 77 г : ° aR 3 


m 
1 


4 912 . . € 
T5 et 9 % e e 


CONSTANT HP 3 PHASE p Sz 





i 
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еее 


ENCINEERING INFORMATION 
CONNECTION PLATES MULTI-SPEED SQUIRREL CAGE MOTORS 
3 SPEED - 2 WINDING = VARIABLE TORQUE 
3 PHASE 





AUXILIARY NAME PLATE 3 SPEED 2 WINDING VARIABLE TORQUE 
4-6-8; 6-8-12; 8-12-15 POLE 


CENTURY ELECTRIC COMPANY 
ST. LOUIS, №. 


LOW SPEED MED. СРЕ E SPEED 


10 

T1 [A Ti 
* Po? 
48" 


VARIABLE TORQUE 3 PHASE 





AUXILIARY NAME PLATE 3 SPEED 2 WINDING VARIABLE TORQUE 
4-6-12; 6-8-16 POLE 


CENTURY ELECTRIC COMPANY 
81. LOUIS, MD. 


LOW SPEED MED. SPEED HIGH SPEED 
bl Н/Е Таса 4 2. 5048 
Y 

T T 


2 4 "12 % е 


©з эт; = е 
VARIABLE TORQUE 3 PMASE —— SERIAL N[—— — —] 





AUXILIARY NAME PLATE 3 SPEED 2 WINDING VARIABLE TORQUE 
2-4-6; 4-8-12; 6-12-16 POLE 









CENTURY ELECTRIC COMPANY 
ST. LOUIS, MD 


LCW SPEED MED. SPEED HIGH SPEED 


с 


— оша SERIAL NOT) 


«р 


Q4 9 
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SLIP RING INDUCTION MOTOR 


HOLDING MAGNET 
AND NO VOLTAGE ВЕБЕР 
PAIN CONTACTS. 
/ STIR CONTATS. 













NOTE THAT THERE 
15 МО ELECTRICAL 
CONNECTION BETWEEN 
THE RESISTANCE BOK 
AND THE LINE. 










CUTLER HAMMER 
ACKOSS-THE - LINE 
STARTER. 

2202. 60~ SAP. 





ROTOR RESISTORS. 
HIGH RES. TYPE 


Diagrams A and B are used to show that an increase in rotor 
resistance causes the rotor poles to move into a more favorable; 
position with respect to the stator poles thereby increasing 
the starting torque. If the rotor resistance is increased 
above a certain critical value, the torque will be reduced as 
indicated by the curves in the diagram below. 


The slip ring induction motor operates on the same principle 

as the squirrel cage type, the revolving magnetic field set up 

by the stator winding reacting with the induced rotor poles to 

produce rotation. Insertion of resistance in the rotor circuit 
produces the following advantages: 1. High starting torque 2. 

Low starting current 3. Smooth starting action 4. Adjustable 





speed. CURVE “1° ROTOR RES, ALL CUT OUT. 
CHARACTERISTICS " "'2" R&S. FOR MAX. TORQUE, 
The average slip ring motor will produce 3 times normal Е E 


З : " — "4" MORE. RES. YHAN "3" 
full load torque with 2.5 times normal full load current. тт 
a 


ПГ 
ORR T 

1 
L 
А 


With all the external resistance cut out, the variation 
in speed from no load to full load will not exceed 5% of 
the full load speed. As resistance is inserted, the speed 
regulation becomes rapidly poorer. 

APPLICATION 
Air compressors, large ventilating fans, conveyors, punch 
presses, printing presses, lathes, elevators, etc. may be 
used wherever a high starting torque, a smooth starting 
action, or adjustable speed is desired. 

PRINCIPAL TROUBLES 

Sliprings, brushes, brush holders, external rotor resist- 
ance, loose connections, bearings, insulation. 


o FULL LOAD TORQUE 
| | | 
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Speed Adjustment 

















To 3-phose 5 
conda 
power supply Stator, wth ow y 
Series 
trans formers 


Commurator 
s 
Й 


— 








7o J-phose *« 
power supply ® 
и 
ahh 


Secondory 
FIG. 1 


Ventilating fan 
Commulotar 


Slip rings, 


Fig. 1—Diagram of polyphase commutator motor, speed of which is varied hy changing position of brushes. Fig. 2—Rotor for 
adjustable-speed polyphase. motor. Fig. 3 一 Diagram of rotor and stator circuits for a polyphase adjustable-speed motor 


Wound-Rotor 


Motors 


; 
Starting resistors’ 
* еее — ча -Insulated winding 
Fig. 1—Rotor for a wound-rotor or slip. | ы 
ring motor. Fig. 2—Diagram of wound. 
rotor motor and its starting resistance. 
Fig. 3—Combination of a squirrel-cage 
and a coil winding on rotor, for ашо- 
matic starting. 
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Synchronous 
Motors 







field colls 
Stator winding o- 


How They Operate 





Fig. 2 shows the rotor and stator — 
assembly of a synchronous motor. When FIG. | 
the stator winding is connected to a 


~~ Squitrel-cage .--"~ Bo shee $s 
winding =“ 3 















FIG. 2 
polyphase alternating-current source, it РУ CECI S P 
produces a rotating magnetic field as in Field winding gy; - Starting contacts | 
an induction motor. When the rotor field —4 ^ Ties 7? Running Slip 
i i 4 1 / confacts rings 
coils are connected to direct current, ` \ . 





their N and S field poles lock into step Line contoctor h 
with S and N poles of the rotating mag- — | 

netic field and both rotate at the same * 

speed or in synchronism. This speed is F16.3 м № 

fixed by line frequency and number of ск A Y «(f T 


rotor poles. To D € power supply J 
Synchronous motors are designed for Commufofor. Auto-transformer 


two standard full-load power factors: 
unity and 80% leading. Unity-power- 
factor motors, at full load and normal 
field current, have 100% power factor. 
At less than full load, their power factor 
is less than unity leading, but can be 
regulated by adjusting the field current. 





Field winding 
Field contactor 





"Field poles FIG. 5 


Fig. 1—Synchronous-motor rotor. Fig, 2—Diagram of synchronous-motor stator 
and rotor assembly. Fig. 3—Diagram of eynchronous-motor connections for full. 
voltage starting. Fig. 4—Diagram of connections for reduced-voltage starting. 
Fig. 5—Diagrams of stator and rotor connections for self-synchronizing motor 


TABLE II—WORSEPOWER AND SYNCHRONOUS-SPEED RATINGS 
OF GENERAL-PURPOSE INDUCTION MOTORS FOR 
DIRECT CONNECTION 








Cycles 60 60 60 60 26 26 
Hp Rpm Rpm Rpm Rpm Rpm Rpm 
25 3,600 
30 3,600 
40 3,600 
50 3,600 1,800 1,500 
60 3,600 1,800 1,500 
15 3,600 1,800 1,500 

100 3,600 1,800 1,200 1,500 

125 3,600 1,800 1,200 1,500 

150 1,800 1,200 900 1,500 

200 1,800 1,200 900 1,500 150 

—— — — — — — — — —— — — —— — — — — ا 


3 Phase AC. 


| C. L- Current Transformer. 


2 S -l PT-Folential Transformer. 


“aDC Field Dischavge 
mee witch Y Resistor 


O SLE 
lii 


m= <<“ REVOLVING FIELD TYPE. 


(е 


9 


с у 


D 





№9 





POT 


$40310W eseud-e[buigS '2'Y 





STARTER 
SWITCH 
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Construction and Connections of a Thermal Starter. 


Thermal Starter — 

This type includes a resistive element which carries the filament current and is heated by 
this current. The heater elements heats the bi-metallic thermostat blade and causes this 
blade to bend and open the filament connection after the filaments have been heated enough 
to glow. 
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ELECTRONICS - PHOTOTUBES 
А ас а ааыа лан, 


PROCEDURE FOR SELECTING COMPLETE PHOTO-TROLLER EQUIPMENT 


1. Measure the distance between Photo-Troller and light source on or Load Relay. Ratings are based on complete interruption of 
your proposed installation. a visible light beam under ideal conditions. 

2. Refer to charts below or on page 7 and select Photo-Troller B. Speed of operation. See paragraphs under Speed of Re. 
type based on distance between light source and phototube; also and белй рег M D x ах 


on service required. 
C. Operating conditions such as temperature, dust and weather 


3. Check the specification of the type chosen (pages 4 to 11) to deter- conditions, See general description. 


mine if it is suitable for the following variables. 
A. Sufficient interruption of light beam necessary for maximum D. Space for mounting the light source, phototube housing and/or 
operating distance as explained in paragraph under Contactor Photo-Troller. 


TYPE RQ—FOR INDOOR USE ONLY 
Style Numbers Include All Components Shown in Chart 










INCLUDING LIGHT SOURCE— Measure Distance and Select Control Here 


WITHOUT SEPARATE PHOTOTUBE HOUSING 


STYLE NUMBER 








































UP TO 8 FT. 
с22:2221:- PHOTO-TROLLER 1183 191 
PHOTO-TROLLER 
LIGHT 1%" LENS UP TO 8 И. ltr M] 3 LENS 
SOURCE ааа сласы атака C EET TM 1183 192 
ТҮРЕ и f 
Fl 4 3" LENS WITH SEPARATE PHOTOTUBE HOUSING 
M crc ЖОШЫ КЕ ЕЕ PHOTO-TROLLER PHOTO-TROLLER 1183 193 
| ШИ АСКЕ AND PHOTO-TUBE 

FORMER | C HOUSING-1V2" LENS СО КЕ З рв 





------------------------------------- 


a 1183 194 


8 FT. 11 FT. 
DISTANCE BETWEEN LIGHT SOURCE AND PHOTOTUBE * 
USING YOUR OWN LIGHT SOURCE—Measure Light Intensity at Phototube Location 
WITHOUT SEPARATE PHOTOTUBE HOUSING 
三 二 ccm PHOTO-TROLLER 





и“ 


3" LENS 















PHOTO-TROLLER 
3" LENS 


е RENEE SARIS E SE TEESE ОН а 1183 196 
YOUR 


бн) WITH ME PHOTOTUBE HOUSING 


























1183 189 







LIGHT 本 PHOTO-TROLLER 

SOURCE FOR 20 FOOT CANDLES OR MORE AND PHOTOTUBE 
HOUSING- 11/2" LENS 

LESS THAN 20 but AT LEAST 8 FOOT CANDLES 


Q _ | 


FOOT CANDLES AT LOCATION OF PHOTO-TROLLER OR PHOTOTUBE HOUSING * 


* The maximum operating distance is reduced to one-third of above distances when а 10% transmission light filter is used. 


WESTINGHOUSE ELECTRIC CORPORATION 


PHOTO-TROLLER 
AND PHOTO-TUBE 
HOUSING 3” LENS 
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